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Abstract: Indicators are being used in many agricultural sustainability assessment
methods, but disputes about a common indicator for the definition of sustainability
have resulted in so many various indicators and methods of measurement. The
objective of this review is to provide a bibliometric analysis of sustainability pillars
and indicators that are significantly prevalent. In addition, this paper evaluates the
impact of pillars and indicators on scientific research through the analysis of their
citation and trend. Using Scopus database, a total of 30 articles related to crops
farming have been selected and more than 500 indicators were analyzed. This study
only looked at the top 3 indicators of each pillar which were discussed in at least 7
articles and can be used to measure farm sustainability in different crop production
fields: (soil erosion, crop diversity and pesticides) for the environmental pillar,
(education and training) for the social pillar, and (profitability, productivity and farm
income) for the economic pillar. Results also showed that the environmental pillar is
the most tackled and cited with a mean citation of about 60. Pesticides on the other
hand is found to be the oldest indicator in terms of its average year of publication. It
was the most cited indicator in 2005 of more than 250 citations. The least cited
indicators are farm income and training with less than 10 mean citations. In addition,
the economic pillar is considered one of the recently discussed and widely
implemented with a total of 7 published articles in 2020. The obtained results may be
viewed as a set of indicators that can be considered in future policies to detect
significant challenges, and improve agricultural sustainability strategies.
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Introduction

The world’s population is expected to grow by two billion people over the next 30
years (UN, 2019), posing the challenge of producing enough food for humanity (Arnés et
al., 2018). Extensive food production associated with the substantial use of fertilizers,
pesticides and water has caused a considerable environmental impact (Pretty et al., 2011).
These impacts generated from the process of agricultural production have piqued the
interest of researchers in the field of sustainability. A large and growing body of literature
has investigated the definition of sustainability and identified a variety of sustainability
explanations (Curran et al., 2020; Cruz et al., 2018; Halberg, 2012; Wirén-Lehr, 2001).
Recent attention focused on the provision of the World Commission on Environment and
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Development-WCED (the Brundtland Commission): "Humanity has the ability to make
development sustainable, to ensure that it meets the needs of the present generation
without compromising the ability of future generations to meet their own needs". The
WCED description of the term has remained durable, considering the numerous numbers
of publications on sustainable development that followed the Brundtland report, in which
several attempts were made to express sustainability in a concept that fits theoretical and
operational purposes (World Bank, 2008; Cruz et al., 2018; Latruffe et al., 2016; Meul et
al., 2008; Roy & Chan, 2012). Since then, sustainability principles have been and are
experiencing rapid change and modifications in perspective. The three sustainability
pillars highlighted at the 2002 World Summit on Sustainable Development (social,
environmental and economic) concluded the explanation of this concept (Pham & Smith,
2014; Frantzius, 2004) and are now the leading drivers that determine the planning for
growth. Since then, literatures on agricultural development complies with sustainability.
The implementation and evaluation of sustainable agriculture has become a principal
challenge for agricultural research, practice and policy (Santiago-Brown et al., 2015).
Fallah-Alipour et al., (2018) described sustainable agricultural systems as the
conservation of the environment, the implementation of effective methods for agricultural
production and the improvement of human health over time. The assessment of
agricultural sustainability is a critical tool for fostering the idea of sustainable agricultural
systems, as it incorporates the principles of sustainability into agricultural policy
preparation and decision-making (Talukder & Blay-Palmer, 2017).

Indicators are used in measuring sustainability, and are applied in many methods of
evaluation (Baelemans & Muys, 1998). The design of indicators for assessing agricultural
sustainability has been dealt with by several authors. Despite decades of research, this
continues to be debated among researchers. Reed et al., (2006) have found that
sustainability assessments through indicators must be systemic. A series of sustainability
assessment approaches have been developed (Riley, 2001; Santiago-Brown et al., 2015),
and there seems to be an "indicator explosion" during the last few decades (Riley, 2001).
An appropriate measure of a system cannot be given by the collection of several separate
indicators. Having so many indicators often cause a host of difficulties, such as data
acquisition, validation, etc. In addition, results are often not adequately taken into
consideration when concentrating only on a single indicator (Bartzas & Komnitsas,
2020). Although the same indicators can be used for these approaches, their mechanism
and area of operation are rather different (Bhushan & Rai, 2004). The creation of an
acceptable set of indicators was noted to be an important and complex issue as indicators
can offer an insight concerning sustainability. The selection of "essential" indicators is
difficult to come up with (Bossel, 2002). However, an accurate way of selecting
indicators is needed, as discussed by (OECD, 2001). Several researchers such as Binder
et al., (2009) & Bélanger et al., (2012) have suggested criteria that should be fulfilled by a
strong indicator, without offering realistic selection process guidance. Modeling
technologies, though, help to investigate resilience or create alternate scenarios to forecast
environmental, social and economic vulnerabilities. A variety of evaluation tools,
including Environmental Impact Assessment (EIA), Sustainability Standards with
Principles, Criteria and Indicators (PC&I), Life Cycle Assessment (LCA) and Cost-
Benefit Analysis (CBA) have been proposed over the years for the sustainability
assessment of production systems. Many of these evaluations, though, rely primarily on
the components of environmental sustainability (van der Werf & Petit, 2002) and a very
little, however, concentrate on evaluating the three pillars of sustainability
(environmental, economic and social) for individual farms level (Farrell & Hart, 1998;
Bhushan & Rai, 2004). Up to now, an increasing number of sustainability systems,
indicator-based evaluation methodologies for the assessment of agricultural sustainability
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have been developed. In most cases, however, the use of current and well-established
sustainability measurement approaches and tools such as Multi-Criteria Decision
Analysis (MCDA), Sustainability Assessment of Food and Agriculture Systems (SAFA),
the IDEA method (Indicateurs de Durabilité des Exploitations Agricoles), Monitoring
Tool for Integrated Farm Sustainability (MOTIFS), a component- based framework for
the European Union (SAEMETH) and the Response-Inducing Sustainability Evaluation
model (RISE) necessitates a wide range of indicators, which increases the time required
for data collection, planning, and analysis (Dantsis et al., 2010; Zulfiqar & Thapa, 2017).
All methodologies have some distinctive features. RISE is found to be the most effective
tool, but when it comes to scientific related issues, MCDA is a better option (Talukder &
Blay-Palmer, 2017) .

Considering the vast number of sustainability evaluation studies for agricultural
systems available in the literature, and the lack of a standardized set of indicators, it is
well-intentioned to know the common indicators that have been used and applied widely.
To fill the gap, this study will identify potential eligible articles and answer the following
questions: what are the significant indicators in the scientific discovery that are most
prevalent? what are the most commonly cited pillars and indicators? and what is the year-
round trend for each pillar and indicator? To answer our research questions, a review and
bibliometric analysis of the indicators listed in various research papers were conducted in
order to (1) provide a descriptive overview of the top three indicators that have been
widely applied and considered for crop farms level assessment, and (2) evaluate the
impact of these indicators on the scientific field through citation and trend analysis. The
greater an article's citation, the higher is the dissemination and the influence of such
indicator on scientific research.

Materials and Methods

A narrative review and bibliometric analysis were carried out to analyse, in terms of
interpretation and application, the impact of major indicators on the field of farm
sustainability. This analysis requires qualitative and quantitative data such as
sustainability indicators, citations count and trend. The search was done to explore all
published articles from 1993 to October 2020 that are related to the assessment of
sustainability by the application or contemplation of various pillars and indicators in the
field of crops production. Scopus search engine database was chosen in order to select the
relevant papers. Initially, when looking for articles published in Scopus, keywords and
Boolean operators (AND/OR) were used to create a logical relationship between the
terms. The search approach was based on the following keyword phrases:
(AGRICULTURAL) AND (INDICATOR) AND (FARM LEVEL). The methodology
was performed in two parts: (1) extract all indicators listed in the selected articles and
grouped them within the sustainability pillars, (2) measure the number of citations for
each article to understand the degree of spread and impact of each pillar and indicator.
The derived indicators were classified by sustainability pillar as this is considered to be
more sensible.

Statistical analysis

Statistical analyses were performed using SPSS 25.0 (SPSS, Inc., Chicago, IL, USA)
and JAMOVI program on R script. Data have been reported as mean and standard
deviation (SD), frequencies and % based on the total investigated sample, in addition for
all variables were given as descriptive statistics. Continuous variables were calculated
between groups by means and SDs, including the endpoints. The analysis of covariance
(ANCOVA) as a covariate (articles and year of publication) was used to compare the
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“adjusted mean” of different indicators. The general linear model (GLM) univariate
analysis of covariance procedure provides regression analysis and analysis of variance for
one dependent variable by one or more factors and/or variables. Using this GLM
procedure, it is possible to test null hypotheses about the effects of other variables (year
of publication and articles) on the means of a single dependent variable (citations). The
effects for each pillar and indicator across time were separately analyzed using ANCOVA
univariate analysis. The level of statistical significance was set at p < 0.05.

Results

The portfolio selection

The initial screening showed a total of 1,088 papers. The search was then limited to
the following subject areas: (1) Environmental Science, and (2) Agriculture
Science/Agronomy. The exact keyword "Sustainability" was applied to obtain more
accurate results. 128 papers were shortlisted after such refinement. Finally, this search
was limited to only “articles”, “English language” and “open access” and number of
papers were reduced considerably to 37. All studies were thoroughly reviewed for their
eligibility. 21 articles were excluded as they mainly fall inside animals, poultry, live
stocks or fisheries. In addition, 14 relevant papers were included to the search results,
ending up with a sum of 30 articles to be analyzed in this study. The search strategy was
carried out and the search history was saved using the ‘Save’ feature on the Scopus
website.

Portfolio analysis

The search yielded 30 articles, 6 of them have only considered environmental
indicators (20%), 1 article focused mainly on economic indicators (3%), and the rest 23
articles considered indicators for the three pillars of sustainability (77%). Table 1 lists the
30 articles, their year of publication and number of citations. The oldest year was 1993,
followed by 1994, 2001 through 2020. When evaluating number of publications per year,
it is found that from 1993 to 2011, the number was constant with no more than 1 article
per year. Then it slightly increased from 2 to 4 publications per year between 2015 to
2019 and concluded with a large spike in the field of applications in 2020 with 9 articles.

Identification of common indicators

The common indicators refer to the most repeated indicators within the identified
articles. From the 30 articles analyzed, a list of 538 indicators were identified (253
environmental, 146 social and 139 economic). Common indicators were counted to
determine the top three indicators that were repeated 7 times and more. The results
revealed a total of 8 key indicators presented in the descriptive analysis in Table. 2.
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Table 1 —List of the 30 articles, year, citations and number of articles per year

REFERENCED ARTICLE YEAR NUMBER OF CITATIONS
(Taylor et al., 1993) 1993 55
(Stockle et al., 1994) 1994 51
(Rigby et al., 2001) 2001 220
(Dantsis et al., 2010) 2010 82
(Pacini et al., 2011) 2011 11
(Gutzler et al., 2015) 2015 70
(Sanchez et al., 2015) 2015 11
(Ruiz-Martinez et al., 2015) 2015 19
(Santiago-Brown et al., 2015) 2015 23
(M. de Olde et al., 2016) 2016 13
(Lietal., 2016) 2016 10
(Gaviglio et al., 2017) 2017 15
(Zulfigar & Thapa, 2017) 2017 16
(Nchanji et al., 2017) 2017 5
(Berbe¢ et al., 2018) 2018 11
(Fallah-Alipour et al., 2018b) 2018 2
(Sulewski et al., 2018) 2018 17
(Mili & Martinez-Vega, 2019) 2019 9
(Veveris et al., 2019) 2019 2
(Soldi et al., 2019) 2019 3
(Trivifio-Tarradas et al., 2019) 2019 3
(Bartzas & Komnitsas, 2020) 2020 4
(Tzouramani et al., 2020) 2020 2
(Goémez-Limon et al., 2020) 2020 1
(Abdul Rahman et al., 2020) 2020 0
(Trivifio-Tarradas et al., 2020) 2020 1
(Uthes et al., 2020) 2020 4
(Gambart et al., 2020) 2020 0
(Stylianou et al., 2020) 2020 2
(Curran et al., 2020) 2020 0

Table 2—Percentage and number of articles based on each indicator

SUSTAINIBILITY PILLARS INDICATORS % ™)
Economic Productivity 36.7 11
Farm Income 26.7 8
Profitability 233 7
Social Education 26.7 8
Training 26.7 8
Environmental Soil erosion 40.0 12
Pesticides 36.7 11
Crop diversity 333 10
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It is apparent from this table that environmental pillar is the most tackled in terms of
total number of articles, and soil erosion is the most focused and discussed indicator by
researches among all (n=12, 40%). Productivity as economic indicator and pesticides as
environmental indicator were addressed equally (n=11, 36.7%). In comparison, the social
indicators "education and training" were given equal consideration by researchers, as both
are equivalent (n=8, 26.7%). Farm income received less attention after it was introduced
in recent articles published in 2017.

Citations and trend

Comparison between sustainability pillars

After identifying the common indicators, the number of citations was evaluated in
attempt to elucidate the effect of such indicators on the scientific research field. Figure 1
represents the estimated marginal mean citations for the articles being analyzed with the
observed citation scores. Dots in the graph represent the spreading and outlier of the
citation data.

The most cited pillar is the environment, which was tackled in 22 articles since 1993
with an average citation of about 60. The economic and social pillar citations are nearly
equal, with an average of 25. The environmental pillar was addressed in one article,
which has the highest citation score of more than 200. The citations of economic pillar
range from 10 to 50, and for the social pillar from 5 to 80.

Estimated Marginal Means of No. of Citations
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Figure I - Estimated marginal mean citations by pillar

Figure 2 reflects the pattern of each pillar over the years. The Environmental pillar
was the oldest with a constant trend between 1993 and 2011. Then a fluctuation of
interest was observed between 2015 and 2019. In 2020, researchers devoted considerable
attention to the environmental pillar, during which a drastic increase was detected
reaching up to 6 articles.

From 2015 until now, the economic pillar has gained wide attention from researchers.
Nowadays, this pillar is considered one of the most discussed and widely implemented
with a total of 7 published articles in 2020.
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There were no articles considering the social pillar noted between 1993 and 2001,
which leaves a massive gap in this field. Followed that, just 1 article took into account
social indicators in the years 2010, 2015, 2016 and 2017. Recently, this pillar had
enormous influence on the field with a total of 6 published articles in 2020.

Sustainability
Pillar

- = Economic

= Environmental
Social

Articles

T T T T T T T
1990 1995 2000 2005 2010 2015 2020

Year

Figure 2 - The pattern of each pillar over the years

Comparison between sustainability indicators

A box plot approach was used to give an overview regarding the up-to-date
indicators by representing their average year of publication (Figure 3). Starting
with the environmental pillar, pesticides is the oldest indicator in terms of its
average year of publication in 2011, followed by soil erosion with an average
publication year in 2016. Researchers started to use these indicators since 1993.
Soil erosion was then ignored for almost 17 years before it was back again in
2011. Pesticides was discussed in majority of articles published between 2001 and
2020. On the other hand, crop diversity caught the attention in 2011. Then,
between 2016 and 2019, it was listed in several journals, with great recent interest
in 2020. The average year of publication for crop diversity is 2018.

Moving on to economic pillar, farm income is the most recent indicator. All
articles were published between 2018 and 2020, with 2019 as average year.
Moreover, profitability was mostly tackled between 2005 and 2020, with only one
article published in 1994. In average, the year of publication for profitability
indicator is in 2017. Productivity was mentioned in all articles with 2018 as
average year of publication.

Finally, considering the social pillar, education was the oldest indicator since
2010, with an average year in 2016. Training, on the other hand, which was
tackled in articles published in 2015, has an average year of 2017. Both indicators
were found together in almost all articles being analyzed.
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Figure 3 - Box plot representing the mean of each indicator by year of publication

The citation of each indicator over time is represented in Figure 4. Mostly, all
indicators had a fluctuating citation trend. It can be seen from the graph below
that the concentration of all indicators were between the years 2017 and 2020. The
most recent indicator is farm income and the oldest one is pesticides in terms of
their year of publication. The most cited indicator is pesticides with more than 250
citations in 2005, followed by soil erosion and education with citations between
150 and 210. The least cited indicators are farm income and training with less
than 50 citations.

Multiple Line Mean of citations by year by indicator
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Figure 4 - Number of citations per indicator overtime

Overall, the mean citation for each indicator is presented in Figure 5. Pesticides
has the highest mean citation of about 42, followed by productivity with a mean
citation of 28 and profitability with a mean citation of 20. Training and farm
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income have the least mean citation of about 4 and 7, respectively. Soil erosion
was presented in many articles, but the mean citation is only 13 which is
considered very low compared to other indicators.
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Figure 5 - Mean citations per indicator
Discussion

This study showed that: (1) the key indicators for sustainability in agriculture
are: pesticides, crop diversity, soil erosion, productivity, farm income,
profitability, education and training; (2) Environmental pillar is the most tackled
in terms of number of articles and the most cited; (3) Pesticide is the oldest and
most cited indicator; (4) farm income is the most recent and less cited indicator;
(5) the economic pillar recently has gained wide attention from researchers.

The increased attention by researchers on agricultural sustainability indicators
is due to the announcement of Sustainable Development Goals (SDGs) by the
United Nations General Assembly in 2015. In this respect, many studies have
been published after this year and several indicators have been defined, but yet,
there are still disputes on the concept of a coherent set of indicators.

Environmental indicators

Knowing the significance of this pillar, which is found to be the oldest, , it is
not surprising that it results the most tackled and most cited. Our results showed
that environmental indicators have the most popularity among all. This finding
leads us to confirm the study of Latruffe et al., (2016), who discovered that
environmental pillar has undergone an 'indicator boom' due to the importance paid
by scientists to this pillar. Pesticides is found to be the oldest and most cited
indicator. The use of pesticides has grown significantly and been used as an
indicator by many researches. Owing to the heavy use of pesticides, the current
farming practices used by many indigenous farmers have been viewed as
unsustainable (Cruz et al., 2018). This prompted researchers long ago to give
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enormous attention to this indicator. In addition, Liu et al., (2013) stated that the
high use of pesticides has contributed to the depletion of ecological diversity and
reducing environmental sustainability. In addition, Nchanji et al., (2017)
suggested new ways to reduce the danger of pesticides on the environment
through the use of biological pesticides such as neem leaves to combat pests in the
cultivation of vegetables and crops.

Soil erosion is the most discussed indicator which was presented in 12 articles.
The importance given to this indicator is due to its shared issue between farms
(Tsymbarovich et al., 2020). Soil erosion is the actual removal of soil from an
environment by either wind or water. It causes severe impact such as land
degradation and therefore affect agricultural production. Our finding of this
indicator as the most common supports the study of Gambart et al., (2020), who
intended to enhance farm sustainability by minimizing the risk of soil erosion.

In addition, the inquiries made by Hayati, (2017) into the most popular
approaches in the field studying environmental pillar suggested using soil erosion
as an important indicator for measuring farm sustainability.

Crop diversity is known as the number of different crops grown on each farm.
It raises field productivity and lowers agricultural income uncertainty (Gutzler et
al., 2015). Our results confirm the study of Dantsis et al., (2010) who found that
crop diversity have been identified as an indicator with positive impact on
agricultural sustainability. An interesting significant connection is found between
the two common indicators “crop diversity and soil erosion”. It was reported by
Roy & Chan, (2012) that some crops (e.g. corn) are more sensitive to soil erosion
than others (e.g. Cereals), so the distribution of crops can influence the risk of soil
erosion. In addition, Ervidova, (2002) stated that the distribution of crops can
affect the risk of soil erosion. It can be said that if crop diversity is not properly
planned, it could adversely affect soil erosion.

Economic indicators

Even though much of the attention in the sustainability debate is really on the
environmental pillar, farms still need to be economically competitive in order to
be sustainable in the long run. The economic pillar has recently gained wide
attention from researchers. A possible explanation as mentioned by Barnes &
Thomson (2014) is that experts are recently putting their effort to monitor the
progress of “sustainable intensification” in agricultural production which has
become a priority concern for policy makers and international organizations. Farm
accounting investigation is an approach to measure their economic viability. Such
approach was conducted by many researchers to examine the financial changes in
farms (Buckley et al., 2015; Mili & Martinez-Vega, 2019).

Productivity is the most tackled economic indicator which was mentioned in all
articles, because the effective use of production factors is a fundamental principle
of the sustainable economic growth of any region. This emphasizes the results if
many studies by Ryan et al., (2016) & M. de Olde et al., (2016) who stressed on
the positive correlation between economic performance and sustainability,
powered by higher production and more efficient input usage.

Profitability was mostly tackled between the years 2005 and 2020. In order to
be able to take reasonable management decisions it is now important to
incorporate conceptions of profitability (Ouiminga, 2018). Profitability is an
important indicator because a farm will not be sustainable if it is not profitable.
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This indicator has been widely applied by international organizations such as
the European Commission who introduced profitability as one of the indicators in
the European appraisal frameworks (Stylianou et al., 2020). Farm income, on the
other hand, is used to measure farm performance. It has been reported that many
small farms frequently rely on European Union subsidies to survive (Hanrahan et
al., 2018). The income generated by farmers performance is an important element
for income security independent.

Significantly, these three indicators (productivity, profitability and farm
income) are widely used in different assessment tools such as Monitoring Tool for
Integrated Farm Sustainability (MOTIFS), Sustainability Assessment of Food and
Agriculture systems (SAFA) and Response-Inducing Sustainability Evaluation
(RISE). It must be mentioned that economic viability is often a prerequisite for
several aspects of the social pillar (Sauvenier et al., 2005).

Social Indicators

Social indicators are used to assess the potential and willingness of farmers to
handle various situations (Gaviglio et al., 2017; Santiago-Brown et al., 2015;
Stylianou et al., 2020). It is shown that education and training were given equal
consideration by researcher in terms of number of articles, even though education
is the oldest in terms of researcher’s interest while training is the least cited.
Education and training are difficult indicators to quantify, since they are
subjective and are mostly qualitative (Volkov et al., 2019). These indicators were
previously focused by many articles, for example Latruffe et al. (2016) and
Ntshangase et al. (2018) who considered both “education & training” as the key
indicators for social pillar. A study by Sabiha et al. (2016) claimed that education
is one of farmers' significant perceptions of the opportunity to enforce the
principles of sustainable development. Our results are in line with this study who
also reported that farmer’s training is an important indicator under the quality-of-
life theme. Furthermore, to ensure sustainable performance at farms, it is critical
to identify training needs when introducing any new activities in the farm
management.

Limitation of this study

This study is the first research using the Scopus database to perform a
comprehensive bibliometric analysis and review of the chosen indicators.
Challenges were experienced in terms of indicators recording. Few of them have
been rephrased in order to quickly detect the common indicators. For instance, the
"educational level" and "level of education" both share the same concept within
the social pillar, but have been interpreted differently. This indicator has been
recorded as "education". Another constraint was to take into account only the top
3 indicators of each pillar, that were reflected in seven or more articles. This
restricts the study and can lead to not consider other significant indicators.

Conclusions

One of the most pressing needs of the agricultural sector around the world is
the availability of reliable and accurate indicators. Many stakeholders in the
agricultural sector, such as farmers and policymakers, are increasingly concerned
about the efficiency of various farming systems and are looking for reliable
indicators of sustainability improvements. This requirement stems from the fact
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that there are many indicators in the field that have been used to monitor farm
sustainability. For this reason, a bibliometric analysis was conducted to better
comprehend the various indicators and to assess the impact of these indicators as
well as the sustainability pillars on the scientific field. According to the findings,
environmental pillar is the most addressed and cited. Whereas, the economic pillar
is regarded as one of the most recently debated. In addition, pesticide is found to
be the oldest indicator, while farm income and training both received the least
attention. Moreover, the study findings provide useful insight into the most
important and relevant indicators that emerge as a result of the analysis and these
are: pesticides, crop diversity, soil erosion, productivity, farm income,
profitability, education and training. Those eight indicators have been shown to be
related directly to crop farming sustainability. The obtained results may be viewed
as a set of indicators that can be considered in future policies or assessment tools
in order to detect significant challenges, and improve agricultural sustainability
strategies.

A decision about whether to treat each indicator equally important or to
prioritize certain indicators based on different weights should be considered. At
this point in the study, we have not focused on developing farm-level
sustainability measurement tools, and despite the debate about their utility, the
advantage of our findings is the limited number of indicators applied per farm that
can further simplify the data, making it easier to spot trends over the time. This
makes it much easier to comprehend changes in sustainability as a result of proper
policy development. Some assessment tools covered almost all of those eight
indicators such as RISE and SAFA. However, Multi-Criteria Decision Analysis
(MCDA) methodologies are becoming increasingly prevalent in agricultural
decision-making. The MCDA methodology is a useful tool for future work to
develop goals and weight the criteria and then apply those eight indicators to field
experiments.
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