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Abstract
Intensive agriculture has led to several environmental impacts, such as soil erosion, water 
scarcity, and pesticide pollution. Despite the increasing research advocating greener agri-
culture, the transition into sustainable agriculture practices has been slower than expected. 
Then, why are we stuck in this transition? In this scientific essay, we aimed to answer this 
question not only by analyzing agricultural systems but also by the associated actors. Spe-
cifically, this scientific essay analyzed and discussed how agricultural systems integrate 
with the surrounding market, society, and policies. We made a literature review of the 
impacts of intensive agriculture on global change and an analysis of greener agricultural 
systems. Then, we analyzed how the market, society, and policies can influence the transi-
tion from intensive agriculture to greener agricultural systems. In addition, we comple-
ment that literature review with a survey made in Chile. Our analysis highlighted ecologi-
cal intensification (EI) as the most promising production system in terms of sustainability. 
However, the most sustainable was not necessarily the most supported by the market and 
society. We found a disconnection between consumers’ environmental concerns and what 
they support when buying foodstuff. Our survey showed that most people are aware of 
soil degradation and high-water consumption, but above all, they want pesticide-free and 
organic food attributes. The literature review and survey results suggested how policies 
can break the status quo of intensive agriculture predominance. Thus, we propose a mar-
ket–society–policy nexus to promote sustainable agriculture. Our suggestions are: (1) Poli-
cies should support sustainable agricultural systems at the landscape level to safeguard the 
ecological processes involved in agricultural production. (2) Markets should standardize 
eco-labels, improve clarity in foodstuff information, and relate environmental benefits to 
consumer benefits. (3) A subsidy on sustainable food is needed to keep the regular market 
prices and attract new consumers, at least in the early stages.
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1  Introduction

The impacts of intensive agriculture on the environment have been widely studied. In 1990, 
David Pimentel warned that the Green Revolution approach was not proper as a strategy 
for food security for the ever-expanding human population (Pimentel & Pimentel, 1990). 
Thirty years later, we face an unprecedented global environmental crisis where intensive 
agriculture (based on the Green Revolution) is one of the main drivers of biodiversity and 
ecosystem service loss worldwide (Campbell et al., 2017; Vanbergen et al., 2020). Moreo-
ver, this situation tends to worsen as estimations predict an increase in the human popula-
tion to 9.6 billion people by 2050 (Gerland et al., 2014; Gerten et al., 2020) and that food 
production must be doubled to meet future needs (Tilman et al., 2011). As an alternative, 
sustainable agriculture should be able to supply the current demand for food without com-
promising the relation to the "planetary boundaries" (Rockström et al., 2009) and consider 
farmer welfare (Eyhorn et al., 2019). Thus, agriculture needs to transition toward sustain-
ability; however, this transition seems stuck.

The scientific community and international organizations have promoted the transi-
tion toward sustainable agriculture as an alternative to intensive agriculture (Eyhorn et al., 
2019; Pretty et al., 2018; Rockström et al., 2017). However, intensive agricultural systems 
are often self-proclaimed as sustainable choices for the sole fact of working in a natural 
system. At the same time, they can vary from a single agricultural practice adoption for 
environmental mitigation to a whole reconfiguration. However, an ecosystem approach is 
usually lacking (Costanza & Patten, 1995). What is sustainable can be ambiguous, with 
many people asking about what it entails and implies for development theory and prac-
tice (Mensah & Ricart Casadevall, 2019; Pretty, 2008). In this context, for discussing new 
approaches that will integrate biological, ecological, and social processes into food produc-
tion, the following question arises: Are these potential ’sustainable agricultural systems’ 
minimizing the main negative consequences of intensive agriculture? (Question 1).

Going beyond agriculture in the field, society becomes crucial in the transition toward 
sustainability since they take part in how foodstuffs are produced. However, what are 
the consumers’ perceptions of the impacts of intensive agriculture and environmentally 
friendly foods? (Question 2). A recent survey from WWF (2018) reported that 91% of 
interviewed people did not realize our food system is the greatest threat to nature. Moreo-
ver, barely a quarter of international programs promoting sustainable development con-
sider social engagement and empowerment (Kusnandar et al., 2019). On the other hand, 
sustainable development has become a famous catchphrase with unclear meaning to soci-
ety (Mensah & Ricart Casadevall, 2019), without a policy framework (Collins, 2021). The 
vagueness of this concept is reflected in foodstuff, where many items own sustainability-
related labels (eco-labels, hereafter), which generate confusion in consumers (Eldesouky 
et al., 2020; Grunert et al., 2014). In this sense, analyzing how the foodstuff is marketed 
is crucial. Specifically, are eco-labels supporting a transition to sustainable agriculture? 
(Question 3).

This scientific essay aims to analyze, discuss, and guide decision-makers on complex 
issues on sustainable agricultural systems, consumers, eco-labels, and policies. We argue 
that these questions need to be analyzed comprehensively to trigger tangible improvements 
in the sustainable development of agriculture. In honor of the work of David Pimentel and 
other researchers, we do not want to repeat what they said decades ago. They have clearly 
remarked on the consequences of unsustainable practices, but a current urgency is how 
to face them. Thus, we aim to promote the sustainable development of society through 
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a holistic approach that recognizes the complex nature of social-ecological systems and 
the challenges of politically sensitive environmental issues. We structured this essay into 
three sections: A literature review of the impacts of intensive agriculture on global change 
(Sect. 2), an analysis of our proposed three questions (Sect. 3), and a discussion on barriers 
and opportunities toward the transition to sustainable agriculture (Sect. 4).

2 � Literature review: agriculture and global change

Many publications of Pimentel warned about the multiple environmental impacts of inten-
sive agriculture. Here, we summarize six environmental impacts of intensive agriculture 
that make it unsustainable. In addition, we make an interlink among the environmental 
impacts arguing that agriculture is not causing only isolated environmental impacts but 
global change. Intensive agriculture impacts the interlinked processes determining the 
planet’s balance (Rockstrom et al., 2009). Thereby, we aimed to remark on the main chal-
lenges that agriculture needs to face to advance toward sustainable development.

2.1 � Soil erosion (SE)

It is the loss of fertile soil, which occurs by multiple causes, e.g., land clearing, poor drain-
age, lack of conservation, intense mechanization, and others (Lal, 2010). According to 
Pimentel and Kounang (1998), SE is the greatest threat to providing food for a rapidly 
growing human population. Humans worldwide obtain more than 98–99% of their food 
(calories) from the land; hence, preserving cropland and maintaining soil fertility should 
be highly important to human welfare (Kopittke et al., 2019; Pimentel & Burgess, 2013). 
SE also affects soils’ ability to store carbon and contribute to climate change mitigation 
(Lal, 2014).

2.2 � Biodiversity loss (BL)

It is the loss or reduction of species and their interactions in the ecosystems (Valiente‐Ban-
uet et al., 2015). It is mainly related to land-use change, from natural habitats to farmlands 
(Sala et al., 2000). According to the Convention to Combat Desertification of the United 
Nations, BL has had the most negative impact globally (UNCCD, 2022). Specifically, large 
extensions of natural habitats have been converted to productive lands, causing biologi-
cal homogenization and the deterioration of the provision of ecosystem services (Chaplin-
Kramer et al., 2015; Chase et al., 2020).

2.3 � Environmental pollution (EP)

It is referred to any substance that may drive an adverse effect on air, water, soil, or living 
organism (D’Surney & Smith, 2005). The use of pesticides is estimated at 2 million tons 
annually (Sharma et al., 2019), but less than 1% of the total applied pesticides reach the 
target pest (Pimentel, 1995; Pimentel & Burgess, 2011). Thus, most pesticides are released 
and spread, causing EP (Nicolopoulou-Stamati et al., 2016; Kansoh et al., 2020). Concern-
ing environmental externalities, pesticides can harm benefit wildlife and soil organisms 
(Aktar et al., 2009; Cloyd, 2012; Goulson & signatories, 2018; Thompson, 2003) and put 
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at risk the health of farmers (e.g., Mancini et  al., 2005) and the consumers (Vogt et  al., 
2012). In addition, other contaminants, such as microplastics and trace elements, are of 
increasing concern (Rodríguez-Eugenio et al., 2018; Tian et al., 2022).

2.4 � Nutrient imbalance (NI)

It refers to the nutrient excess or deficits (primarily nitrogen (N) and phosphorus (P)) in the 
ecosystems. The fertilizers reach aquatic ecosystems through runoff, leaching, or volatili-
zation (Gomiero et al., 2011a), causing NI, which causes anoxia or "dead zones," with an 
economic impact on industries such as fisheries and tourism (Galloway et al., 2008; Nkoa, 
2014). It has been estimated that food production without synthetic fertilizers would be 
enough to satisfy only half of the world’s population (taking 2011 as a reference) (Dawson 
& Hilton, 2011). Furthermore, fertilizer efficiency tends to decline, and synthetic fertilizer 
production is projected to increase (Driver et al., 2019).

2.5 � Water cycle alteration (WCA)

It will refer to drastic changes in the natural water distribution on land. WCA is strongly 
related to agriculture as irrigation is the primary water use sector. Specifically, it accounts 
for about 70% of the global freshwater withdrawals and 90% of consumptive water uses 
(Siebert et  al., 2010). Moreover, the irrigation of crops can deplete groundwater in arid 
and semi-arid areas (Scanlon et al., 2012). WCA is critical under a food demand increase 
scenario, leading to social and environmental issues (Pimentel et al., 2004). In social terms, 
the per capita availability of freshwater worldwide declined by about 70% in the last cen-
tury (Pimentel et al., 2010). In environmental terms, WCA can alter the planet’s ecology 
and biogeochemistry (Vörösmarty & Sahagian, 2000).

2.6 � Climate change (CC)

Agricultural activities have been a significant driver of CC, primarily by releasing green-
house gases (GHG): carbon dioxide (CO2), methane (N2O), and nitrous oxides (N2O). 
Agricultural activities are a source of atmospheric CO2 by clearing natural ecosystems and 
by soil organic matter (SOM) degrading practices (Lal & Pimentel, 2008). Also, livestock 
farming has released significant amounts of CH4 and N2O (Grossi et al., 2019). Together, 
agricultural activities and livestock farming accounted for around 40% of CH4 and 79% of 
N2O emissions from human activities globally during 2007–2016 (IPCC, 2021). CC has 
deleterious impacts on agriculture, natural habitats, water resources, food supply, and peo-
ple (NOAA, 2019; WWF, 2021). Consequently, taking immediate, robust, and sustained 
action against CC is crucial (Lubchenco & Kerry, 2021; Zurek et al., 2022).

2.7 � Global change overview

A summary of the reviewed environmental issues and the associated agricultural prac-
tices is represented in Fig. 1a. This figure is a simplified conceptual framework, although 
agricultural practices involve multiple interconnected environmental impacts that alter the 
planet’s balance (exemplified in Fig. 1b).
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The reviewed global change proxies are environmental issues that can decrease agricul-
tural productivity. Such a result would lead to intensifying industrial systems deepening 
the vicious cycles of soil and water degradation (IPES-Food, 2016). Specifically, under 
the traditional intensive agriculture paradigm, the short-term solution strongly focuses on 
increasing the agricultural surface and demand for agricultural inputs (e.g., agrochemicals 
or fertilizers) and natural resources. However, this solution is unviable long term because 
it is subject to environmental impacts (Geiger et al., 2010; Pingali, 2012; Tilman, 1999). In 
this sense, Gerten et al. (2020) stated that half of the current global production depends on 
not transgressing the planetary boundaries that ensure the biosphere’s integrity.

Fig. 1   Conceptualization of the planetary processes (in hexagons) affected by agricultural practices or pro-
cesses (in the rounded squares) (a), and an example of how these ones are interlinked (b)



	 P. Díaz‑Siefer et al.

1 3

3 � Key questions

3.1 � Are ’sustainable agricultural systems’ fixing or mitigating the main negative 
consequences of intensive agriculture?

Due to the environmental externalities of intensive agriculture, the scientific community 
has called for a transition toward sustainable agricultural systems (Doré et al., 2011; Rock-
ström et  al., 2017; Tittonell, 2014). Today, however, many agricultural systems are con-
sidered sustainable, such as agroecology, integrated agriculture, precision agriculture, and 
organic agriculture among others (Gomiero, 2016). What is sustainable in agriculture can 
range from adjustments to efficiency to redesigning the farm management system (Vanber-
gen et al., 2020). However, other authors have argued that without an ecosystem approach, 
it cannot be considered sustainable (Costanza & Patten, 1995).

We described the agricultural systems according to their current contribution to different 
sustainability-related terms (Table 1). Then, we categorized them using a 5-point Likert-
type scale (Sullivan & Artino, 2013) according to their approaches rather than considering 
their actual participation (details in Supplementary information: Supplementary material 
1). Categories were set up under qualitative analysis based on research synthesis, reviews, 
meta-analyses, and our judgment as environmental agriculture researchers. We prioritized 
results informing the performance of agricultural systems in the long term. However, cases 
of these agriculture systems can widely vary as they entail different practices in different 
agricultural zones. We finally estimated a Sustainability Index (SI) to systematize the per-
formance of the agricultural systems in sustainability terms (from 1 to 5 as the minimum 
and maximum sustainability, respectively) (details in Supplementary information: Supple-
mentary material 1 and Table S1).

Table 1   Sustainability analysis of agricultural systems

SE = soil erosion; BL = biodiversity loss; EC = environmental contamination; ND = nutrient imbalance; 
WCA = water cycle alteration; CC = climate change; FW = farmer welfare; FS = food safety; Fsec = food 
security; Y = yield; P = economic profitability. Categories are as follow: nd= not defined; red squares = 
very negative; orange = negative; yellow = neutral; light green = positive; green = very positive.
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We found that agroecological practices and ecological intensification are the agricul-
tural approaches with the best performance in sustainability terms (SI = 3.89 and 4.06, 
respectively). This result is explained as they include the linkage with the ecosystems by 
promoting the provision of ecosystem services. Small farmers have especially adopted 
agroecological practices to enhance food security, but their participation in the global 
market is scarce (Altieri & Nicholls, 2012). Agroecology focuses more on food diversity 
instead of maximizing the yield of a few crops. Thus, there is a debate about whether or not 
agroecology can feed the world (HLPE, 2019). However, hunger is a challenge involving 
more than the agricultural system and production, for example, inequality and food loss. In 
fact, despite the current high production levels, acute food insecurity still affects millions 
of people (WFP, 2021).

On the other hand, ecological intensification (EI) safeguards food production with 
accompanying environmental benefits; however, farmers rarely adopt the approach (Kleijn 
et al., 2019). One limitation is that EI is not designed by reasoning at a single crop or agri-
cultural field but embraces the complexity of the landscape (Tittonell, 2014). EI approach 
shares similar characteristics with agroecology, but EI has a particular interest in produc-
tion. In this sense, a recent meta-analysis found that enhancing biodiversity in agricultural 
systems would support crop yield and ecosystem services in 63% of the cases (Tamburini 
et al., 2020).

Organic agriculture obtained a SI of 3.56. Organic agriculture is more profitable and 
environmentally friendly than intensive agriculture (Reganold & Wachter, 2016), although 
a meta-analysis including 742 agricultural systems stated that organic agriculture requires 
more land, causes more eutrophication, uses less energy, but emits similar GHGs emissions 
as a conventional system (Clark & Tilman, 2017). Despite working with the environment, 
organic agriculture is based on environment-friendly practices at the farm level. Thus, the 
optimization of ecosystem services is limited (Tittonell, 2014; Vanbergen et  al., 2020). 
Therefore, beyond organic farming, we should promote biodiversity-friendly landscapes 
(Tscharntke et al., 2021). Such optimization of the provision of ecosystem services is also 
lost in integrated agriculture (SI = 3.33), where the incapacity of certifying as organic can 
also reduce profits.

On the other hand, precision and biotechnological agricultural systems (SI = 3.78 and 
2.39, respectively) improve only limited aspects of environmental protection. Precision 
agriculture improves system efficiency, especially by using remote sensors (Cisternas 
et al., 2020). However, it does not promote the conservation or regeneration of the environ-
ment. Similarly, biotechnological agriculture has shown good indicators in economic and 
environmental terms, but it still has acute adverse effects on biodiversity loss and social 
impacts (Ervin et al., 2010; Hubbell & Welsh, 1998).

The higher benefits of EI over other environmentally friendly systems were also recently 
analyzed by Lal (2019). EI would allow benefits to farmers and society. However, several 
ecological processes, such as bird biological control and pollination by native insects, are 
not manageable through a predial scale. Thus, an optimal EI establishment will depend 
on the articulation of farmers in the landscape (Tittonell, 2014). In this sense, the transi-
tion toward EI practices and other sustainable agricultural systems should not rely only on 
farmers but on external support.
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3.2 � What are consumers’ perceptions of the impacts of intensive agriculture 
and environmentally friendly foods?

In the early 1990s, consumers begin to become aware of the negative environmental 
impacts of food supply and production (Giddens, 1991). Since then, supply chains have 
gradually embraced these demands of consumers, who are now regarded as active agents 
in the food chain (Lowe et al., 2008). This growing demand for natural foods is linked to 
concerns about environmental degradation (Blandford & Fulponi, 1999; Laureti & Bened-
etti, 2018), and these environmental concerns or attitudes drive green purchasing behavior 
(Leonidou et al., 2010; Moser, 2016). For instance, Laureti and Benedetti (2018) showed 
that Italians concerned with soil pollution and deforestation have a higher probability of 
buying organic products.

Considering this background, we conducted an online survey in Chile to understand 
consumers’ environmental concerns and preferences for environmentally friendly food. 
The survey was open between October and November 2021, reaching 333 respondents 
whose median age was 39 years old (details in Supplementary Information: Supplementary 
material 2).

A 79% of the surveyed considered that conventional (intensive) agriculture has nega-
tively affected the environment. Respondents associated environmental problems caused by 
agriculture with 23 concepts (Fig. 2a), mainly associated with nature concepts (e.g., water, 
biodiversity, soil) than with agricultural practices (e.g., pesticides, fertilizers, agrochem-
icals). The most frequent problems (soil degradation, high water consumption, environ-
mental pollution, and biodiversity loss) are consistent with those mentioned in Sect. 2.1. 
Warnings about water are related to water conflicts in Chile (Berasaluce et al., 2021, and 
references therein). Environmental pollution and biodiversity loss were also expected 
as major issues since they are commonly mentioned in environmental education pro-
grams (e.g., campaigns facing bee extinction) (Cho & Lee, 2017; Hartmann et al., 2021). 

Fig. 2   Word cloud containing the respondents’ concepts concerning a environmental problems caused by 
agriculture and b attributes of environmentally friendly food. The larger size and darker color, the higher 
frequency
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Surprisingly, soil degradation had the most significant concern in consumers, and climate 
change was not mentioned even once, even though it is a familiar concept to most people 
today and agricultural activities are one of the leading causes of climate change.

We also assessed the consumers’ attitude to environmentally friendly products in the 
survey. A 97% stated that they would prefer to buy environmentally friendly food instead 
of conventional one if they had an equal price. Regarding the attributes of environmen-
tally friendly food, the responses were highly heterogeneous, as respondents associated the 
attributes in 48 concepts (Fig. 3b). The most desired attributes (pesticide-free, organic, and 
chemical-free) are related to the non-use of synthetic chemical compounds on plants or 
food.

Contrasting Figs. 2a and b showed similarities and differences about consumers’ envi-
ronmental concerns and their preferences for environmentally friendly food. On the one 
hand, the frequency of respondents associating water scarcity and biodiversity loss as 
environmental problems caused by agriculture was similar to the frequency of respond-
ents associating biodiversity conservation and low water consumption as environmentally 
friendly food attributes. Similarly, several studies report environmental protection concerns 
as a driver of organic food consumption (Hidalgo-Baz et al., 2017a, 2017b; Janssen, 2018). 
Nevertheless, we found that consumers’ preference for environmentally friendly food 
would be primarily linked to nutrition or chemical food security (Fig. 3b). This result was 
consistent with other studies which report that consumers are encouraged to buy organic 
products for self-interest, especially for health (Bullock et  al., 2017; Padel et  al., 2005; 
Vega-Zamora et al., 2014).

The problem is that there is often a discrepancy between environmental concerns and 
the purchase of sustainable food products (Aschemann-Witzel & Zielke, 2017; van Dam 
& van Trijp, 2013). For instance, Hughner et  al. (2007) found that although consumers 
reported a high willingness to buy organic products, only a tiny percentage bought them. 
Similarly, DEFRA (2006) found that 30% of consumers in the UK reported environmen-
tal concerns, but their concerns rarely translated into green purchasing. Therefore, other 
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factors are more critical determinants of sustainable food purchasing than environmental 
concerns.

Our results showed that 41% of respondents considered price the most critical problem 
for buying environmentally friendly foods (Fig. 3). This result was in line with the review 
of Aschemann-Witzel and Zielke (2017), who found that consumers perceived price as the 
main barrier to buying organic foods. On the other hand, 39.2% of respondents found that 
environmentally friendly foods are difficult to identify or that they are not readily available 
in the market. This finding is consistent with previous research stating that availability or 
lack of identification is a major barrier to buying organic products (Bryla, 2016; Vermeir 
et al., 2020; Xie et al., 2015).

According to the literature, the lack of regulation on eco-labeling has caused green 
skepticism that lowers customers’ environmental concerns, adversely impacting their pur-
chase intentions for green products (Goh & Balaji, 2016). In addition, the great diversity of 
labels hinders understanding and interpreting their meaning, which may lead to the belief 
that labeled goods have some attributes that are not present in the product (Galarraga Gal-
lastegui, 2002). Nevertheless, our survey showed that they were not critical factors in green 
purchase preferences.

3.3 � Are eco‑labels in foodstuffs supporting a transition to sustainable agriculture?

Eco-labels should help those consumers with environmental concerns (Sect. 3.2), find the 
foodstuffs from sustainable agricultural systems (Sect. 3.1), but this may not necessarily be 
the case.

Eco-labeling in foodstuffs is a mechanism to highlight those environmentally friendly 
products. The first environmental certification was The Blue Angel, which appeared in 
Germany in 1978. Despite resistance from the industry, Blue Angel began to build momen-
tum regarding the environmental awareness of a wider public, becoming a driving force 
for the rollout of more environmentally friendly products (Blue Angel, 2018). This label 
and its subsequent ones have promoted products that can mitigate adverse environmental 
effects compared to other products in the same category.

Eco-labels can be essential in transitioning to sustainable agriculture as they have 
proven significant effects on consumers’ attitudes (e.g., Song et al., 2019). However, are 
eco-labels aligned with the main environmental challenges of agriculture or related to an 
ecosystem approach? Such a question is hard to answer as eco-labels can be managed by 
government agencies, nonprofit environmental advocacy organizations, or private sector 
entities. They can focus on a single lifecycle stage of a product and address a single envi-
ronmental issue or focus on the entire lifecycle of a product and address many different 
environmental issues (US EPA, 2021). On the other hand, there are more than 300 sustain-
ability standards in the market (International Trade Center, 2021) and about 459 eco-labels 
in 199 countries and 25 industry sectors. In the food area, 145 eco-labels mainly focused 
on specific impacts such as energy consumption, emissions, animal welfare, and agricul-
tural practices (Ecolabel Index, 2022). In addition, eco-labels are differentiated into groups 
and classified by the International Organization for Standardization (ISO) in the 14,020 
series (OECD, 2016).

In Chile, for example, a recent national eco-label only considers waste generation con-
sidering the feasibility of package recycling but without considering the remaining environ-
mental issues (Reyes, 2022). Similarly, organic agriculture certification labeling promotes 
using natural inputs but does not necessarily comprise diversification practices (Ministerio 
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de Agricultura, 2016). In contrast, other eco-labeling such as Rainforest Alliance com-
prises the six environmental issues of Fig. 1 (Rainforest Alliance, 2021), but certification 
costs could be a major constraint to achieving it, especially to small farmers (Pinto et al., 
2014). Alternatively, this could be costed by consumers but affect their preference. Never-
theless, any of these eco-labeling agencies lacks an ecosystems approach.

4 � Barriers and opportunities toward sustainable agriculture

We identified several weaknesses and barriers in the agricultural system hindering the tran-
sition to sustainable agriculture from our literature review and consumer survey. However, 
this means there are opportunities to move forward.

Our results showed that ecological intensification is the agricultural system that best 
faces the environmental impacts of intensive agriculture. However, a big barrier to its 
implementation is that sustainable agriculture is mainly promoted at the farm scale but not 
on the landscape scale (Sect. 3.1), although the surrounding context is essential (Steffan-
Dewenter, 2003; Thies et al., 2003). This fact may arise because the traditional definition 
of sustainability (WCED, 1987) has an implicit temporal dimension but lacks a spatial 
dimension, which is where it is put into practice. Local- and landscape-level ecological 
processes are involved in agricultural production, and some are scale dependent (Steffan-
Dewenter et al., 2002), such as pollination by native species. Therefore, we argue that sus-
tainable agriculture should be linked with an ecosystem approach. That is, changing the 
lens used for management from an intra-farm view to a landscape view (Grass et al., 2019; 
Tscharntke et al., 2021). In this regard, optimal landscape design is critical to promoting 
biodiversity in productive lands at the local scale (Arroyo-Rodríguez et al., 2020).

Promoting ecological intensification systems or sustainable agriculture is not only a 
technical issue but also needs to be linked with other actors. In this sense, Dokić et  al. 
(2020) argued that policies and the market must take appropriate measures. Nevertheless, 
what is appropriate is a pending and critical question.

According to the enhancement of ecosystem services, policies should support sustain-
able agriculture at the landscape level to effectively safeguard the ecological processes 
involved in agricultural production and promote land management, not just supplying sub-
sidies for individual farmers to change their practices.

Land policies should promote more diverse productive lands that work for biodiversity 
and people (sensu Kremen & Merenlender, 2018). We also need to promote and secure 
the conservation of the extant natural habitats, along with restoring disturbed lands that 
may balance with the current agricultural activity (Grass et al., 2019). Natural habitats are 
biodiversity reservoirs. While many species can thrive in disturbed habitats and productive 
lands, they are usually a subset of the species found in natural habitats (Barlow et al., 2007; 
Peh et  al., 2006). Besides species composition, simplified habitats (such as crop fields) 
impose environmental filters to native species (Castaño-Villa et al., 2019). In this context, 
land-sharing and land-sparing practices are relevant (Edwards et al., 2014; Kremen, 2015; 
Phalan et al., 2011). To achieve this, we must reconcile biodiversity conservation and food 
production (Grau et al., 2013). It is fundamental to build bridges among decision-makers 
and authorities responsible for conservation and food production to achieve common goals, 
as usually, they have different goals that are often incompatible. Otherwise, no conserva-
tion action will be enough if it is not articulated with proper management of productive 
lands.
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Regarding the consumers (Sect.  3.2), social awareness of agriculture’s environmental 
impacts is key to supporting the transition to sustainable agriculture. However, many peo-
ple do not realize that our food system is the greatest threat to biodiversity (WWF, 2018). 
In this sense, environmental education is crucial as environmental knowledge can over-
come several barriers to consuming environmentally friendly products, such as high prices 
(Díaz-Siefer et  al., 2015; Hartmann et  al., 2021; Hidalgo-Baz et  al., 2017a). Such envi-
ronmental education could be implemented by government institutions and different stake-
holders in the food chain, such as supermarkets, with information in their aisles.

In this essay, we discussed that linking environmental benefits to human health is cru-
cial since consumers’ concern about food is more about the impact on health than on the 
environment. Such a pattern was similar to that of Hoek et al. (2017). Thereby, eco-labeled 
foodstuff should guarantee food security and show the added value for nutrition or other 
health benefits (Vigar et al., 2019).

The survey also showed that environmentally friendly foods are challenging to identify or 
not readily available on the market. Our findings are consistent with previous studies, which 
have shown that the lack of information about environmentally friendly food could also be a 
barrier to consumers buying them (Pickett‐Baker & Ozaki, 2008; Cerri et al., 2018). There-
fore, eco-labeling is a vital market instrument of sustainable development strategies (Sect. 3.3).

We argue that eco-label certifiers should standardize the certification criteria to help 
consumers understand, such as the Open Standards for the Practice of Conservation (CMP, 
2020). Eco-labels should contain visual information that allows the consumer to quickly 
recognize what is being certified rather than simply displaying a symbol. In this context, 
Chile implemented front-of-package nutritional warning labels, which decreased unhealthy 
foods purchased (Taillie et al., 2021), and led to several foods being reformulated by sig-
nificantly reducing sugars and sodium (Reyes et al., 2020). A similar implementation could 
be used for foodstuffs transgressing sustainability limits. In this sense, eco-labels could 
have two measures: a sustainability measure, showing the product’s contribution to each of 
the three main pillars (environmental, economic, and social), and an exclusively environ-
mental measure, showing whether the foodstuff impacts one of the six environmental prob-
lems mentioned in Sect. 2. For example, labels should indicate whether crops contribute to 
deforestation or pesticides were applied to foodstuff production. Finally, a consumer sub-
sidy is also needed in the first stages to encourage consumers to buy eco-sealed products 
for the first time (e.g., Gottschalk & Leistner, 2013).

Moving toward agricultural sustainability requires a joint effort to increase scientific 
knowledge and improve evidence-based agricultural management based on sustainable and 
ecosystem-linked practices, government regulation, agreements between producer associa-
tions, marketing chains, and consumer education. This change should also be driven by a 
public–private partnership involving all stakeholders in the agri-food chain and thinking in 
the common well. In this regard, the main discussion and recommendations are summa-
rized in Fig. 4, remarking on different actors influencing the agricultural system’s perfor-
mance and the need to bring them together for this common purpose.
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5 � Conclusion

According to a literature review, we found interlinked planetary processes being affected 
by intensive agriculture. Although the need to transit toward sustainable agriculture is clear 
and urgent, the way we must transit is not clear. Through the analysis of different agricul-
tural systems, we highlighted ecological intensification as an agricultural system with the 
potential to achieve increased yields and ecosystem services for the farm and society. How-
ever, a successful establishment of this agricultural system requires a landscape approach 
instead of a predial one, making it challenging to put into practice when sustainable agri-
culture promoting policies are mainly on a low spatial scale.

The surrounding societal issues also stick the transition to sustainable agriculture. 
Although consumers are concerned about the environmental effects of intensive agriculture, 
they mainly look for those environmental attributes that directly benefit their health. In this 
sense, markets could help relate other environmental benefits to human welfare. For that 
purpose, eco-labels can be helpful to appropriately give in know what is occurring in the 
field in environmental terms. However, markets should improve eco-labels standardization. 
Another barrier was the price, which policies can support at least in the early stage to help 
farmers transition agricultural systems and attract and make habits in potential consumers.

Consequently, we proposed a market–society–policy nexus to be considered to reach 
sustainable agriculture. In this sense, the public and private sectors should integrate 

Fig. 4   Authors’ key messages to transit the agri-food system toward sustainability. SA = sustainable agricul-
ture
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their perspectives and work coordinately, reflecting the importance of education and 
policies. On the contrary, we concluded that transition would keep slower than needed.

Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s10668-​022-​02691-y.

Funding  P.D.-S. and C.H. were funded by ANID/REGIONAL/ CERES/R19A1002. P.M. was funded by the 
ANID doctoral scholarship grant N◦ 21201569. P.M., J.L.C.-D., F.E.F, and P.D.-S. were funded by ANID/
PIA/ACT192027. J.L.C.-D. was funded by ANID/ECOS180008, ANID PIA/BASAL FB210006, and PUCV 
039.431/2020 “Núcleo de Soluciones de base Natural.” J.L.C.-D. is an associate researcher at the Centro de 
Acción Climática-PUCV.

Data availability  The datasets generated during and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations 

Conflict of interest  The authors declare that they have no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Aktar, M. W., Sengupta, D., & Chowdhury, A. (2009). Impact of pesticides use in agriculture: Their benefits 
and hazards. Interdisciplinary Toxicology, 2(1), 1–12.

Altieri, M.A., & Nicholls, C.I. (2012). Agroecology scaling up for food sovereignty and resiliency. In Licht-
fouse, E. (Ed.), Sustainable Agriculture Reviews. Springer.

Arroyo-Rodríguez, V., Fahrig, L., Tabarelli, M., Watling, J. I., Tischendorf, L., Benchimol, M., Cazetta, 
E., Faria, D., Leal, I. R., Melo, F. P. L., Morante-Filho, J. C., Santos, B. A., Arasa-Gisbert, R., Arce-
Peña, N., Cervantes-López, M. J., Cudney-Valenzuela, S., Galán-Acedo, C., San-José, M., Vieira, I. 
C. G., … Tscharntke, T. (2020). Designing optimal human-modified landscapes for forest biodiversity 
conservation. Ecology Letters, 23(9), 1404–1420.

Aschemann-Witzel, J., & Zielke, S. (2017). Can’t Buy Me Green? A review of consumer perceptions of and 
behavior toward the price of organic food. Journal of Consumer Affairs, 51(1), 211–251.

Barlow, J., Gardner, T. A., Araujo, I. S., Avila-Pires, T. C., Bonaldo, A. B., Costa, J. E., Esposito, M. C., 
Ferreira, L. V., Hawes, J., Hernandez, M. I., Hoogmoed, M. S., Leite, R. N., Lo-Man-Hung, N. F., 
Malcolm, J. R., Martins, M. B., Mestre, L. A., Miranda-Santos, R., Nunes-Gutjahr, A. L., Overal, 
W. L., … Peres, C. A. (2007). Quantifying the biodiversity value of tropical primary, secondary, and 
plantation forests. Proceedings of the National Academy of Sciences of the United States of America 
104(47), 18555–18560.

Berasaluce, M., Díaz-Siefer, P., Rodríguez-Díaz, P., Mena-Carrasco, M., Ibarra, J.T., Celis-Diez, J.L., & 
Mondaca, P. (2021). Social-environmental conflicts in Chile: Is there any potential for an ecological 
constitution? Sustainability, 13(22), 12701.

Blandford, D., & Fulponi, L. (1999). Emerging public concerns in agriculture: Domestic policies and inter-
national trade commitments. European Review of Agricultural Economics, 26(3), 409–424.

Blue Angel. (2018). 40 years. Good for me. Good for the environment.
Bryla, P. (2016). Organic food consumption in Poland: Motives and barriers. Appetite, 105, 737–746.
Bullock, G., Johnson, C., & Southwell, B. (2017). Activating values to stimulate organic food purchases: 

Can advertisements increase pro-environmental intentions? Journal of Consumer Marketing, 34(5), 
427–441.

https://doi.org/10.1007/s10668-022-02691-y
https://doi.org/10.1007/s10668-022-02691-y
http://creativecommons.org/licenses/by/4.0/


The market–society–policy nexus in sustainable agriculture﻿	

1 3

Campbell, B.M., Beare, D.J., Bennett, E.M., Hall-Spencer, J.M., Ingram, J.S.I., Jaramillo, F., Ortiz, R., 
Ramankutty, N., Sayer, J.A., & Shindell, D. (2017). Agriculture production as a major driver of the 
Earth system exceeding planetary boundaries. Ecology and Society 22(4), 8.

Castaño-Villa, G.J., Santisteban-Arenas, R., Hoyos-Jaramillo, A., Estévez-Varón, J.V., & Fontúrbel, F.E. 
(2019). Foraging behavioural traits of tropical insectivorous birds lead to dissimilar communities in 
contrasting forest habitats. Wildlife Biology, 2019(1), 1–6.

Cerri, J., Testa, F., & Rizzi, F. (2018). The more I care, the less I will listen to you: How information, 
environmental concern and ethical production influence consumers’ attitudes and the purchasing of 
sustainable products. Journal of Cleaner Production, 175(20), 343–353.

Chaplin-Kramer, R., Sharp, R. P., Mandle, L., Sim, S., Johnson, J., Butnar, I., Mila, I. C. L., Eichelberger, 
B. A., Ramler, I., Mueller, C., McLachlan, N., Yousefi, A., King, H., & Kareiva, P. M. (2015). Spatial 
patterns of agricultural expansion determine impacts on biodiversity and carbon storage. Proceedings 
of the National Academy of Sciences of the United States of America, 112(24), 7402–7407.

Chase, J. M., Blowes, S. A., Knight, T. M., Gerstner, K., & May, F. (2020). Ecosystem decay exacerbates 
biodiversity loss with habitat loss. Nature, 584, 238–243.

Cho, Y., & Lee, D. (2017). “Love honey, hate honey bees”: Reviving biophilia of elementary school students 
through environmental education program. Environmental Education Research, 24(3), 445–460.

Cisternas, I., Velásquez, I., Caro, A., & Rodríguez, A. (2020). Systematic literature review of implementa-
tions of precision agriculture. Computers and Electronics in Agriculture 176, 105626.

Clark, M., & Tilman, D. (2017). Comparative analysis of environmental impacts of agricultural production 
systems, agricultural input efficiency, and food choice. Environmental Research Letters, 12, 064016.

Cloyd, R. (2012). Indirect effects of pesticides on natural enemies. In Soundararajan, R.P. (Ed.), Pesticides. 
IntechOpen

CMP. (2020). Open standards for the practice of conservation. Conservation measures partnership. 
Retrieved 25 June, 2022, from http://​conse​rvati​onsta​ndards.​org/​wp-​conte​nt/​uploa​ds/​sites/3/​2020/​12/​
CMP-​Open-​Stand​ards-​for-​the-​Pract​ice-​of-​Conse​rvati​on-​v4.0-​Engli​sh.​pdf

Collins, L. (2021). The ecological constitution: reframing environmental law. Routledge.
Costanza, R., & Patten, B. C. (1995). Defining and predicting sustainability. Ecological Economics, 15, 

193–196.
D’Surney, S. J., & Smith, M. D. (2005). Chemicals of environmental concern. In P. Wexler (Ed.), Encyclo-

pedia of toxicology (2nd ed., pp. 526–530). Elsevier.
Dawson, C. J. & Hilton, J. (2011). Fertiliser availability in a resource-limited world: Production and recy-

cling of nitrogen and phosphorus. Food Policy, 36, S14–S22.
DEFRA (2006) Departmental Report. Department for Environment, Food and Rural Affairs and the For-

estry Commission.
Díaz-Siefer, P., Neaman, A., Salgado, E., Celis-Diez, J., & Otto, S. (2015). Human-environment system 

knowledge: A correlate of pro-environmental behavior. Sustainability, 7(11), 15510–15526.
Dokić, D., Gavran, M., Gregić, M., & Gantner, V. (2020). The impact of trade balance of Agri-food prod-

ucts on the State’s Ability to withstand the crisis. HighTech and Innovation Journal, 1(3), 107–111.
Doré, T., Makowski, D., Malézieux, E., Munier-Jolain, N., Tchamitchian, M., & Tittonell, P. (2011). Fac-

ing up to the paradigm of ecological intensification in agronomy: Revisiting methods, concepts and 
knowledge. European Journal of Agronomy, 34(4), 197–210.

Driver, J.G., Owen, R.E., Makanyire, T., Lake, J.A., McGregor, J., & Styring, P. (2019). Blue urea: Ferti-
lizer with reduced environmental impact. Frontiers in Energy Research 7, 88.

Ecolabel Index. (2022). Ecolabel index Home. Retrieved 16 January, 2022, from https://​www.​ecola​belin​dex.​
com

Edwards, D. P., Gilroy, J. J., Woodcock, P., Edwards, F. A., Larsen, T. H., Andrews, D. J., Derhe, M. A., 
Docherty, T. D., Hsu, W. W., Mitchell, S. L., Ota, T., Williams, L. J., Laurance, W. F., Hamer, K. C., 
& Wilcove, D. S. (2014). Land-sharing versus land-sparing logging: Reconciling timber extraction 
with biodiversity conservation. Global Change Biology, 20(1), 183–191.

Eldesouky, A., Mesias, F. J., & Escribano, M. (2020). Perception of Spanish consumers towards environ-
mentally friendly labelling in food. International Journal of Consumer Studies, 44(1), 64–76.

Ervin, D. E., Glenna, L. L., & Jussaume, R. A. (2010). Are biotechnology and sustainable agriculture com-
patible? Renewable Agriculture and Food Systems, 25(2), 143–157.

Eyhorn, F., Muller, A., Reganold, J. P., Frison, E., Herren, H. R., Luttikholt, L., Mueller, A., Sanders, J., 
Scialabba, N.E.-H., Seufert, V., & Smith, P. (2019). Sustainability in global agriculture driven by 
organic farming. Nature Sustainability, 2(4), 253–255.

FAO. (2011). Agricultural Biotechnologies. Retrieved 24 September, 2021, from http://​www.​fao.​org/​biote​
ch/​biote​chnol​ogy-​home/​about-​this-​site/​en/

http://conservationstandards.org/wp-content/uploads/sites/3/2020/12/CMP-Open-Standards-for-the-Practice-of-Conservation-v4.0-English.pdf
http://conservationstandards.org/wp-content/uploads/sites/3/2020/12/CMP-Open-Standards-for-the-Practice-of-Conservation-v4.0-English.pdf
https://www.ecolabelindex.com
https://www.ecolabelindex.com
http://www.fao.org/biotech/biotechnology-home/about-this-site/en/
http://www.fao.org/biotech/biotechnology-home/about-this-site/en/


	 P. Díaz‑Siefer et al.

1 3

Galarraga Gallastegui, I. (2002). The use of eco-labels: A review of the literature. European Environment, 
12(6), 316–331.

Galloway, J. N., Townsend, A. R., Erisman, J. W., Bekunda, M., Cai, Z., Freney, J. R., Martinelli, L. A., 
Seitzinger, S. P., & Sutton, M. A. (2008). Transformation of the nitrogen cycle: Recent trends, ques-
tions, and potential solutions. Science, 320(5878), 889–892.

Geiger, F., Bengtsson, J., Berendse, F., Weisser, W. W., Emmerson, M., Morales, M. B., Ceryngier, P., Liira, 
J., Tscharntke, T., Winqvist, C., Eggers, S., Bommarco, R., Pärt, T., Bretagnolle, V., Plantegenest, 
M., Clement, L. W., Dennis, C., Palmer, C., Oñate, J. J., … Inchausti, P. (2010). Persistent negative 
effects of pesticides on biodiversity and biological control potential on European farmland. Basic and 
Applied Ecology, 11(2), 97–105.

Gerland, P., Raftery, A. E., Sevcikova, H., Li, N., Gu, D., Spoorenberg, T., Alkema, L., Fosdick, B. K., 
Chunn, J., Lalic, N., Bay, G., Buettner, T., Heilig, G. K., & Wilmoth, J. (2014). World population 
stabilization unlikely this century. Science, 346(6206), 234–237.

Gerten, D., Heck, V., Jägermeyr, J., Bodirsky, B. L., Fetzer, I., Jalava, M., Kummu, M., Lucht, W., Rock-
ström, J., Schaphoff, S., & Schellnhuber, H. J. (2020). Feeding ten billion people is possible within 
four terrestrial planetary boundaries. Nature Sustainability, 3(3), 200–208.

Giddens, A. (1991). Modernity and self-identity: Self and society in the late modern age. Stanford Univer-
sity Press.

Goh, S. K., & Balaji, M. S. (2016). Linking green skepticism to green purchase behavior. Journal of Cleaner 
Production, 131, 629–638.

Gomiero, T. (2016). Soil degradation, land scarcity and food security: Reviewing a complex challenge. Sus-
tainability, 8(3), 281.

Gomiero, T., Pimentel, D., & Paoletti, M. G. (2011a). Environmental impact of different agricultural man-
agement practices: Conventional vs. organic agriculture. Critical Reviews in Plant Sciences, 30(1–2), 
95–124.

Gomiero, T., Pimentel, D., & Paoletti, M. G. (2011b). Is there a need for a more sustainable agriculture? 
Critical Reviews in Plant Sciences, 30(1–2), 6–23.

Gottschalk, I., & Leistner, T. (2013). Consumer reactions to the availability of organic food in discount 
supermarkets. International Journal of Consumer Studies, 37(2), 136–142.

Goulson, D., & signatories. (2018). Call to restrict neonicotinoids. Science, 360(6392), 973.
Grass, I., Loos, J., Baensch, S., Batáry, P., Librán‐Embid, F., Ficiciyan, A., Klaus, F., Riechers, M., Rosa, 

J., Tiede, J., Udy, K., Westphal, C., Wurz, A., & Tscharntke, T. (2019). Land‐sharing/‐sparing con-
nectivity landscapes for ecosystem services and biodiversity conservation. People and Nature 1(2), 
262−272.

Grau, R., Kuemmerle, T., & Macchi, L. (2013). Beyond’ land sparing versus land sharing’: Environmental 
heterogeneity, globalization and the balance between agricultural production and nature conservation. 
Current Opinion in Environmental Sustainability, 5(5), 477–483.

Grossi, G., Goglio, P., Vitali, A., & Williams, A. G. (2019). Livestock and climate change: Impact of live-
stock on climate and mitigation strategies. Animal Frontiers, 9(1), 69–76.

Grunert, K. G., Hieke, S., & Wills, J. (2014). Sustainability labels on food products: Consumer motivation, 
understanding and use. Food Policy, 44, 177–189.

Hartmann, C., Lazzarini, G., Funk, A., & Siegrist, M. (2021). Measuring consumers’ knowledge of the 
environmental impact of foods. Appetite, 167, 105622.

Hidalgo-Baz, M., Martos-Partal, M., & González-Benito, Ó. (2017a). Attitudes vs. Purchase behaviors as 
experienced dissonance: The Roles of Knowledge and Consumer Orientations in Organic Market. 
Frontiers in Psychology, 8, 248.

Hidalgo-Baz, M., Martos-Partal, M., & González-Benito, Ó. (2017b). Assessments of the quality of organic 
versus conventional products, by category and cognitive style. Food Quality and Preference, 62, 
31–37.

Hoek, A. C., Pearson, D., James, S. W., Lawrence, M. A., & Friel, S. (2017). Shrinking the food-print: A 
qualitative study into consumer perceptions, experiences and attitudes towards healthy and environ-
mentally friendly food behaviours. Appetite, 108, 117–131.

HLPE. (2019). Agroecological and other innovative approaches for sustainable agriculture and food systems 
that enhance food security and nutrition. A report by the High Level Panel of Experts on Food Secu-
rity and Nutrition of the Committee on World Food Security, Rome.

Hubbell, B. J., & Welsh, R. (1998). Transgenic crops: Engineering a more sustainable agriculture? Agricul-
ture and Human Values, 15, 43–56.

Hughner, R. S., McDonagh, P., Prothero, A., Shultz, C. J., & Stanton, J. (2007). Who are organic food 
consumers? A compilation and review of why people purchase organic food. Journal of Consumer 
Behaviour, 6(2–3), 94–110.



The market–society–policy nexus in sustainable agriculture﻿	

1 3

International Trade Center. (2021). Standards Map App. Identify. Retrieved 16 January, 2022, from https://​
www.​stand​ardsm​ap.​org/​en/​ident​ify

IPCC. (2021). Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the 
Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University.

IPES-Food. (2016). From uniformity to diversity: a paradigm shift from industrial agriculture to diversi-
fied agroecological systems. International Panel of Experts on Sustainable Food systems IPESFood, 
Louvain-la-Neuve, Belgium.

Janssen, M. (2018). Determinants of organic food purchases: Evidence from household panel data. Food 
Quality and Preference, 68, 19–28.

Kansoh, R., Abd-El-Mooty, M., & Abd-El-Baky, R. (2020). Computing the water budget components for 
lakes by using meteorological data. Civil Engineering Journal, 6, 1255–1265.

Kleijn, D., Bommarco, R., Fijen, T. P. M., Garibaldi, L. A., Potts, S. G., & van der Putten, W. H. (2019). 
Ecological intensification: Bridging the gap between science and practice. Trends in Ecology & Evo-
lution, 34(2), 154–166.

Kopittke, P. M., Menzies, N. W., Wang, P., McKenna, B. A., & Lombi, E. (2019). Soil and the intensifica-
tion of agriculture for global food security. Environment International, 132, 105078.

Kremen, C. (2015). Reframing the land-sparing/land-sharing debate for biodiversity conservation. Annals of 
the New York Academy of Sciences, 1355, 52–76.

Kremen, C., & Merenlender, A.M. (2018). Landscapes that work for biodiversity and people. Science, 362, 
eaau6020.

Kusnandar, K., Brazier, F. M., & van Kooten, O. (2019). Empowering change for sustainable agriculture: 
The need for participation. International Journal of Agricultural Sustainability, 17(4), 271–286.

Lal, R. (2010). Soil erosion impact on agronomic productivity and environment quality. Critical Reviews in 
Plant Sciences, 17(4), 319–464.

Lal, R. (2014). Soil conservation and ecosystem services. International Soil and Water Conservation 
Research, 2(3), 36–47.

Lal, R. (2019). Eco-intensification through soil carbon sequestration: Harnessing ecosystem services and 
advancing sustainable development goals. Journal of Soil and Water Conservation, 74(3), 55A-61A.

Lal, R., & Pimentel, D. (2008). Soil erosion: a carbon sink or source? Science, 319, 1040–1042.
Laureti, T., & Benedetti, I. (2018). Exploring pro-environmental food purchasing behaviour: An empirical 

analysis of Italian consumers. Journal of Cleaner Production, 172, 3367–3378.
Leonidou, L. C., Leonidou, C. N., & Kvasova, O. (2010). Antecedents and outcomes of consumer environ-

mentally friendly attitudes and behaviour. Journal of Marketing Management, 26(13–14), 1319–1344.
Lowe, P., Phillipson, J., & Lee, R. P. (2008). Socio-technical innovation for sustainable food chains: Roles 

for social science. Trends in Food Science & Technology, 19(5), 226–233.
Lubchenco, J., & Kerry, J. F. (2021). Climate science speaks: “Act now.” Science, 373(6561), 1285.
Mancini, F., Van Bruggen, A. H., Jiggins, J. L., Ambatipudi, A. C., & Murphy, H. (2005). Acute pesticide 

poisoning among female and male cotton growers in India. International Journal of Occupational 
and Environmental Health, 11(3), 221–232.

Mensah, J., & Ricart Casadevall, S. (2019). Sustainable development: Meaning, history, principles, pillars, 
and implications for human action: Literature review. Cogent Social Sciences 5(1), 1653531.

Ministerio de Agricultura (2016). Decreto 2. Aprueba normas técnicas de la ley N° 20,089, que crea el sis-
tema nacional de certificación de productos orgánicos agrícolas.

Moser, A. K. (2016). Consumers’ purchasing decisions regarding environmentally friendly products: 
An empirical analysis of German consumers. Journal of Retailing and Consumer Services, 31, 
389–397.

Nicolopoulou-Stamati, P., Maipas, S., Kotampasi, C., Stamatis, P., & Hens, L. (2016). Chemical pes-
ticides and human health: The urgent need for a new concept in agriculture. Frontiers in Public 
Health, 4, 148.

Nkoa, R. (2014). Agricultural benefits and environmental risks of soil fertilization with anaerobic diges-
tates: A review. Agronomy for Sustainable Development, 34(2), 473–492.

NOAA. (2019). Climate Change Impacts. Retrieved 22 September, 2021, from https://​www.​noaa.​gov/​
educa​tion/​resou​rce-​colle​ctions/​clima​te/​clima​te-​change-​impac​ts

OECD. (2016). Environmental labelling and information schemes. Retrieved 16 June, 2022, from https://
www.oecd.org/env/policy-persectives-environmental-labelling-and-information-schemes.pdf

Padel, S., McEachern, M., & Foster, C. (2005). Exploring the gap between attitudes and behaviour. Brit-
ish Food Journal, 107(8), 606–625.

Peh, K.S.H., Sodhi, N.S., de Jong, J., Sekercioglu, C.H., Yap, C.A.M., & Lim, S.L.H. (2006). Conser-
vation value of degraded habitats for forest birds in southern Peninsular Malaysia. Diversity and 
Distributions, 12, 572–581.

https://www.standardsmap.org/en/identify
https://www.standardsmap.org/en/identify
https://www.noaa.gov/education/resource-collections/climate/climate-change-impacts
https://www.noaa.gov/education/resource-collections/climate/climate-change-impacts


	 P. Díaz‑Siefer et al.

1 3

Phalan, B., Onial, M., Balmford, A., & Green, R. E. (2011). Reconciling food production and biodiver-
sity conservation: Land sharing and land sparing compared. Science, 333(6047), 1289–1291.

Pickett-Baker, J., & Ozaki, R. (2008). Pro-environmental products: Marketing influence on consumer 
purchase decision. Journal of Consumer Marketing, 25(5), 281–293.

Pimentel, D. (1995). Amounts of pesticides reaching target pests: Environmental impacts and ethics. 
Journal of Agricultural and Environmental Ethics, 8(1), 17–29.

Pimentel, D., Berger, B., Filiberto, D., Newton, M., Wolfe, B., Karabinakis, E., Clark, S., Poon, E., Abbett, 
E., Nandagopal, S., (2004). Water Resources: Agricultural and Environmental Issues. BioScience 
54(10), 909−918.

Pimentel, D., & Burgess, M. (2011). Small amounts of pesticides reaching target insects. Environment, 
Development and Sustainability, 14(1), 1–2.

Pimentel, D., & Burgess, M. (2013). Soil erosion threatens food production. Agriculture, 3, 443–463.
Pimentel, D., & Kounang, N. (1998). Ecology of soil erosion in ecosystems. Ecosystems, 1, 416–426.
Pimentel, D., & Pimentel, M. (1990). Comment: Adverse environmental consequences of the green revo-

lution. Population and Development Review, 16, 329–332.
Pimentel, D., Whitecraft, M., Scott, Z. R., Zhao, L., Satkiewicz, P., Scott, T. J., Phillips, J., Szimak, D., 

Singh, G., Gonzalez, D. O., & Moe, T. L. (2010). Will limited land, water, and energy control 
human population numbers in the future? Human Ecology, 38, 599–611.

Pingali, P. L. (2012). Green revolution: Impacts, limits, and the path ahead. Proceedings of the National 
Academy of Sciences of the United States of America, 109(31), 12302–12308.

Pinto, L. F. G., Gardner, T., McDermott, C. L., & Ayub, K. O. L. (2014). Group certification supports 
an increase in the diversity of sustainable agriculture network–rainforest alliance certified coffee 
producers in Brazil. Ecological Economics, 107, 59–64.

Pretty, J. (2008). Agricultural sustainability: Concepts, principles and evidence. Philosophical Transac-
tions of the Royal Society of London. Series b, Biological Sciences, 363, 447–465.

Pretty, J., Benton, T. G., Bharucha, Z. P., Dicks, L. V., Flora, C. B., Godfray, H. C. J., Goulson, D., 
Hartley, S., Lampkin, N., Morris, C., Pierzynski, G., Prasad, P. V. V., Reganold, J., Rockström, J., 
Smith, P., Thorne, P., & Wratten, S. (2018). Global assessment of agricultural system redesign for 
sustainable intensification. Nature Sustainability, 1, 441–446.

Pywell, R. F., Heard, M. S., Woodcock, B. A., Hinsley, S., Ridding, L., Nowakowski, M., & Bullock, J. 
M. (2015). Wildlife-friendly farming increases crop yield: Evidence for ecological intensification. 
Proceedings of the Biological Sciences, 282, 20151740.

Rainforest Alliance. (2021). Rainforest Alliance Sustainable Agriculture Standard, Farm Requirements. 
Rainforest Alliance Department Standards and Assurance. Retrieved 10 July, 2022, from https://​
www.​rainf​orest-​allia​nce.​org/​resou​rce-​item/​2020-​susta​inable-​agric​ulture-​stand​ard-​farm-​requi​
remen​ts/

Reganold, J. P., & Wachter, J. M. (2016). Organic agriculture in the twenty-first century. Nature Plants, 
2, 15221.

Reyes, F. (2022). Inicia regulación del "ecoetiquetado": más de 2 mil productos ya usan sello con datos de 
reciclaje. Biobio Chile. Observatorio para la Innovación Agraria, Agroalimentaria y Forestal (OPIA).

Reyes, M., Smith Taillie, L., Popkin, B., Kanter, R., Vandevijvere, S., & Corvalan, C. (2020). Changes 
in the amount of nutrient of packaged foods and beverages after the initial implementation of the 
chilean law of food labelling and advertising: A nonexperimental prospective study. PLoS Medi-
cine, 17(7), e1003220.

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin Iii, F. S., Lambin, E. F., Lenton, T. M., Schef-
fer, M., Folke, C., Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., van der Leeuw, S., 
Rodhe, H., Sörlin, S., Snyder, P. K., Costanza, R., Svedin, U., … Foley, J. A. (2009). A safe oper-
ating space for humanity. Nature, 461, 472.

Rockström, J., Williams, J., Daily, G., Noble, A., Matthews, N., Gordon, L., Wetterstrand, H., DeClerck, F., 
Shah, M., Steduto, P., de Fraiture, C., Hatibu, N., Unver, O., Bird, J., Sibanda, L., & Smith, J. (2017). 
Sustainable intensification of agriculture for human prosperity and global sustainability. Ambio, 46, 
4–17.

Rodríguez-Eugenio, N., McLaughlin, M., & Pennock, D. (2018). Soil pollution. A hidden reality. FAO, 
Rome, p. 142.

Sala, O. E., Chapin, F. S., 3rd., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., Huber-Sanwald, E., 
Huenneke, L. F., Jackson, R. B., Kinzig, A., Leemans, R., Lodge, D. M., Mooney, H. A., Oesterheld, 
M., Poff, N. L., Sykes, M. T., Walker, B. H., Walker, M., & Wall, D. H. (2000). Global biodiversity 
scenarios for the year 2100. Science, 287(5459), 1770–1774.

Scanlon, B. R., Faunt, C. C., Longuevergne, L., Reedy, R. C., Alley, W. M., McGuire, V. L., & McMahon, 
P. B. (2012). Groundwater depletion and sustainability of irrigation in the US High Plains and central 

https://www.rainforest-alliance.org/resource-item/2020-sustainable-agriculture-standard-farm-requirements/
https://www.rainforest-alliance.org/resource-item/2020-sustainable-agriculture-standard-farm-requirements/
https://www.rainforest-alliance.org/resource-item/2020-sustainable-agriculture-standard-farm-requirements/


The market–society–policy nexus in sustainable agriculture﻿	

1 3

valley. Proceedings of the National Academy of Sciences of the United States of America, 109(24), 
9320–9325.

Sharma, A., Kumar, V., Shahzad, B., Tanveer, M., Sidhu, G.P.S., Handa, N., Kohli, S.K., Yadav, P., Bali, 
A.S., Parihar, R.D., Dar, O.I., Singh, K., Jasrotia, S., Bakshi, P., Ramakrishnan, M., Kumar, S., 
Bhardwaj, R., & Thukral, A.K. (2019). Worldwide pesticide usage and its impacts on ecosystem. SN 
Applied Sciences 1, 1446.

Siebert, S., Burke, J., Faures, J. M., Frenken, K., Hoogeveen, J., Döll, P., & Portmann, F. T. (2010). Ground-
water use for irrigation – a global inventory. Hydrology and Earth System Sciences, 14, 1863–1880.

Song, Y., Qin, Z., & Yuan, Q. (2019). The impact of eco-label on the young Chinese generation: The media-
tion role of environmental awareness and product attributes in green purchase. Sustainability 11, 973.

Sullivan, G. M., & Artino Jr., A. R. (2013). Analyzing and interpreting data from likert-type scales. Journal 
of Graduate Medical Education, 5, 541–542.

Steffan-Dewenter, I. (2003). Importance of habitat area and landscape context for species richness of bees 
and wasps in fragmented orchard meadows. Conservation Biology, 17(4), 1036–1044.

Steffan-Dewenter, I., Münzenberg, U., Bürger, C., Thies, C., & Tscharntke, T. (2002). Scale-dependent 
effects of landscape context on three pollinator guilds. Ecology, 83(5), 1421–1432.

Taillie, L. S., Bercholz, M., Popkin, B., Reyes, M., Colchero, M. A., & Corvalán, C. (2021). Changes in 
food purchases after the Chilean policies on food labelling, marketing, and sales in schools: A before 
and after study. The Lancet Planetary Health, 5(8), e526–e533.

Tamburini, G., Bommarco, R., Wanger, T.C., Kremen, C., van der Heijden, M.G.A., Liebman, & M., Hallin, 
S. (2020). Agricultural diversification promotes multiple ecosystem services without compromising 
yield. Science Advances 6(45), eaba1715.

Thies, C., Steffan-Dewenter, I., & Tscharntke, T. (2003). Effects of landscape context on herbivory and 
parasitism at different spatial scales. Oikos, 101(1), 18–25.

Thompson, H. M. (2003). Behavioural effects of pesticides in bees-their potential for use in risk assessment. 
Ecotoxicology, 12, 317–330.

Tian, L., Jinjin, C., Ji, R., Ma, Y., & Yu, X. (2022). Microplastics in agricultural soils: sources, effects, and 
their fate. Current Opinion in Environmental Science & Health 25, 100311.

Tilman, D. (1999). Global environmental impacts of agricultural expansion: The need for sustainable and 
efficient practices. Proceedings of the National Academy of Sciences of the United States of America, 
96(11), 5995–6000.

Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food demand and the sustainable intensifica-
tion of agriculture. Proceedings of the National Academy of Sciences of the United States of America, 
108(50), 20260–20264.

Tittonell, P. (2014). Ecological intensification of agriculture—sustainable by nature. Current Opinion in 
Environmental Sustainability, 8, 53–61.

Tscharntke, T., Grass, I., Wanger, T. C., Westphal, C., & Batary, P. (2021). Beyond organic farming - har-
nessing biodiversity-friendly landscapes. Trends in Ecology & Evolution, 36(10), 919–930.

UNCCD. (2022). Biodiversity. Retrieved 25 June, 2021, from https://​www.​unccd.​int/​issues/​land-​and-​biodi​
versi​ty

US EPA. (2021). Introduction to Ecolabels and Standards for Greener Products. Retrieved 16 January, 2022, 
from https://​www.​epa.​gov/​green​erpro​ducts/​intro​ducti​on-​ecola​bels-​and-​stand​ards-​green​er-​produ​cts#​
ecola​bel

Valiente-Banuet, A., Aizen, M. A., Alcántara, J. M., Arroyo, J., Cocucci, A., Galetti, M., García, M. B., 
García, D., Gómez, J. M., Jordano, P., Medel, R., Navarro, L., Obeso, J. R., Oviedo, R., Ramírez, 
N., Rey, P. J., Traveset, A., Verdú, M., Zamora, R., & Johnson, M. (2015). Beyond species loss: The 
extinction of ecological interactions in a changing world. Functional Ecology, 29(3), 299–307.

van Dam, Y. K., & van Trijp, H. C. M. (2013). Relevant or determinant: Importance in certified sustainable 
food consumption. Food Quality and Preference, 30(2), 93–101.

Vanbergen, A.J., Aizen, M.A., Cordeau, S., Garibaldi, L.A., Garratt, M.P.D., Kovács-Hostyánszki, A., 
Lecuyer, L., Ngo, H.T., Potts, S.G., Settele, J., Skrimizea, E., Young, J.C., (2020). Transformation of 
agricultural landscapes in the Anthropocene: Nature’s contributions to people, agriculture and food 
security. In: Bohan, D.A., Vanbergen, A.J. (Eds.), The Future of Agricultural Landscapes, Part I, p. 
61.

Vega-Zamora, M., Torres-Ruiz, F. J., Murgado-Armenteros, E. M., & Parras-Rosa, M. (2014). Organic 
as a heuristic Cue: What spanish consumers mean by organic foods. Psychology & Marketing, 31, 
349–359.

Vermeir, I., Weijters, B., De Houwer, J., Geuens, M., Slabbinck, H., Spruyt, A., Van Kerckhove, A., Van 
Lippevelde, W., De Steur, H., & Verbeke, W. (2020). Environmentally sustainable food consumption: 
A review and research agenda from a goal-directed perspective. Frontiers in Psychology, 11, 1603.

https://www.unccd.int/issues/land-and-biodiversity
https://www.unccd.int/issues/land-and-biodiversity
https://www.epa.gov/greenerproducts/introduction-ecolabels-and-standards-greener-products#ecolabel
https://www.epa.gov/greenerproducts/introduction-ecolabels-and-standards-greener-products#ecolabel


	 P. Díaz‑Siefer et al.

1 3

Vigar, V., Myers, S., Oliver, C., Arellano, J., Robinson, S., & Leifert, C. (2019). A systematic review of 
organic versus conventional food consumption: Is there a measurable benefit on human health? Nutri-
ents 12(1), 7.

Vogt, R., Bennett, D., Cassady, D., Frost, J., Ritz, B., & Hertz-Picciotto, I. (2012). Cancer and non-cancer 
health effects from food contaminant exposures for children and adults in California: A risk assess-
ment. Environmental Health, 11, 83.

Vörösmarty, C.J., & Sahagian, D. (2000). Anthropogenic disturbance of the terrestrial water cycle. BioSci-
ence 50(9), 753.

WCED. (1987). Our common future. World commission on environment and development.
Wezel, A., Casagrande, M., Celette, F., Vian, J.-F., Ferrer, A., & Peigné, J. (2013). Agroecological practices 

for sustainable agriculture. A Review. Agronomy for Sustainable Development, 34, 1–20.
WFP. (2021). Zero Hunger. Retrieved 25 September, 2021, from https://​www.​wfp.​org/​zero-​hunger
WWF. (2018). Food for thought: 91 per cent of people don’t realize our food system is the greatest threat to 

nature, WWF survey.
WWF. (2021). Effects of climate change. Retrieved 22 September, 2021, from https://www.worldwildlife.

org/threats/effects-of-climate-change
Xie, B., Wang, L., Yang, H., Wang, Y., & Zhang, M. (2015). Consumer perceptions and attitudes of organic 

food products in Eastern China. British Food Journal, 117(3), 1105–1121.
Zurek, M., Hebinck, A., & Selomane, O. (2022). Climate change and the urgency to transform food systems. 

Science, 376(6600), 1416–1421.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Authors and Affiliations

Pablo Díaz‑Siefer1,2   · Francisco E. Fontúrbel3   · Maite Berasaluce4   · 
Carlos Huenchuleo1,2   · Rattan Lal5   · Pedro Mondaca2   · Juan L. Celis‑Diez2,6 

1	 Centro Regional de Investigación e Innovación para la Sostenibilidad de la Agricultura y los 
Territorios Rurales_CERES, 2260000, Quillota, Chile

2	 Escuela de Agronomía, Pontificia Universidad Católica de Valparaíso, 2260000 Quillota, Chile
3	 Instituto de Biología, Facultad de Ciencias, Pontificia Universidad Católica de Valparaíso, Av. 

Universidad 330, 2373223 Valparaíso, Chile
4	 Independent Researcher, 2560000 Viña del Mar, Chile
5	 CFAES Rattan, Lal Center for Carbon Management and Sequestration, The Ohio State University, 

Columbus, OH 43210, USA
6	 Institute of Ecology and Biodiversity (IEB), Santiago, Chile

https://www.wfp.org/zero-hunger
http://orcid.org/0000-0001-5104-9830
http://orcid.org/0000-0001-8585-2816
http://orcid.org/0000-0001-7524-0031
http://orcid.org/0000-0001-6165-6976
http://orcid.org/0000-0002-9016-2972
http://orcid.org/0000-0003-0505-1061
http://orcid.org/0000-0001-6356-264X

	The market–society–policy nexus in sustainable agriculture
	Abstract
	1 Introduction
	2 Literature review: agriculture and global change
	2.1 Soil erosion (SE)
	2.2 Biodiversity loss (BL)
	2.3 Environmental pollution (EP)
	2.4 Nutrient imbalance (NI)
	2.5 Water cycle alteration (WCA)
	2.6 Climate change (CC)
	2.7 Global change overview

	3 Key questions
	3.1 Are ’sustainable agricultural systems’ fixing or mitigating the main negative consequences of intensive agriculture?
	3.2 What are consumers’ perceptions of the impacts of intensive agriculture and environmentally friendly foods?
	3.3 Are eco-labels in foodstuffs supporting a transition to sustainable agriculture?

	4 Barriers and opportunities toward sustainable agriculture
	5 Conclusion
	References




