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Abstract: Progress in transforming current food consumption and production practice in a 

sustainable direction is slow. Communicative, sustainable consumer policy instruments 

such as eco-labeling schemes have limited impact outside the green segment and within the 

mainstream market. This article asks how sustainably produced food can be described in 

order to promote such food. Based on six cases, it aims to conceptualize the common 

denominators of sustainable food production by drawing on recent literature on sustainable 

marketing and on food and sustainable development. Contradictions and implications in 

terms of labeling schemes, global sourcing and consumer food practice are discussed. 
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1. Introduction  

The reported low levels of knowledge and trust among Western consumers regarding sustainably 

produced food is alarming [1,2]. Problem awareness, i.e., knowledge regarding food production and its 

relation to sustainable issues, is considered a main driver of sustainable food consumption  

practice [1,3]. Hence, the “disappointingly slow” progress in consumption of sustainable (e.g., organic) 

food is not surprising ([1], p. 171). Change in food consumption practice in a sustainable direction is 

by no means an individual endeavor, but is only possible as part of the structural and social 

reorganizing of “systems of provision” [4,5]. Cultural meanings and norms have great impact on the 

propensity to change food consumption, both as an integral part of every given system of provision, 

but also through the enactment of individual consumer actions [6]. Supporting evidence for the latter 

can be found in how media coverage of environmental issues influences consumer environmental 
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awareness and in the variation in organic food consumption due to cultural values and norms [1,3]. 

Given the slow pace of change in transforming food production and consumption practice in a 

sustainable direction, it is plausible that contemporary Western values and norms regarding food may 

be impeding the change needed. The difficulty of putting into practice a sustainable food provisioning 

system is illustrated by statistics on the market shares of organic and fair-trade food in European 

countries. The market for eco-labeled food is concentrated in Western Europe, Denmark, Switzerland 

and Austria, being the world’s largest markets proportionally for organic food with 5% total market 

shares or more respectively [7,8]. In theory, eco-labeling is considered a primary tool for promoting 

sustainable consumption, as eco-labels both remind consumers of sustainable product alternatives and 

simultaneously provide trustworthy sustainable product alternatives, minimizing consumer time spent 

searching for sustainable products [9]. However, reviews of product-related environmental information 

show that eco-labels have limited impact on consumers outside the green segment [10,11]. These 

reviews suggest that even though information is provided in the marketplace to help consumers choose 

sustainable products, most consumers do not use it. In the case of food, this means that labeling 

schemes such as organic and fair-trade labels have limited impact on consumer demand for sustainably 

produced food [12]. Given the fact that large groups of consumers are neither familiar with, nor trust, 

sustainable food-labeling schemes and the fact that cultural meanings/values influence how consumers 

perceive sustainable food, there is a need to describe the meaning of sustainable food production for 

food consumers. In order for consumers to consider buying sustainably-produced food, they must 

recognize, understand and value the characteristics of such food. This article addresses the question of 

how sustainably produced food can be described in order to promote the consumption of such food. 

Literature in sustainable marketing is particularly useful when attempting to communicate the benefits 

of consuming sustainably-produced food. The aim of this article is to conceptualize the common 

denominators of sustainable production of six food products, drawing on recent literature in the fields 

of sustainable marketing literature. 

The conceptualization of sustainable food production presented in this paper is based on empirical 

data concerning the sustainability-related consequences of six food products: pork (based on soy feed), 

farmed salmon (based on fish feed), rice, sugar, paprika (sweet peppers) and milk. This choice of food 

products reflects a focus on the production of sustainable food rather than on its distribution/consumption 

(i.e., prepared vs. unprocessed food). This focus on production is partly due to practical limitations,  

as the multitude of ingredients in prepared foods makes mapping their sustainability-related 

consequences difficult. 

The concept of sustainable development embraces consumption- and production-related integrated 

consequences of food that are economic, social and environmental [13]. In this paper, sustainability-related 

consequences of food production are described as environmental, economic and socio-cultural. In the 

case of economic consequences, only indirect effects are described, i.e. economic effects not directly 

related to the financial transaction of selling/buying food. Thus, the price of food, however important 

for sustainable food provisioning, is not included as an economic consequence of food production, but 

rather its effect in terms of poverty and hunger, two issues that are related to the socio-cultural and 

environmental aspects of food production. 

The article is structured as follows: In the first part, the literature relevant to the promotion of 

sustainable food consumption and production is reviewed. The second part deals with methodology, a 
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discussion on the criteria for choosing cases, cases are presented, considerations in data collection are 

explained and the validity of the suggested conceptualization is discussed. Results describing case-

specific, sustainability-related consequences and concepts capturing the common solution-oriented 

denominators of sustainable production of six food products are presented in the third part. In the 

concluding section, the contributions of this study are discussed and implications for future research 

suggested. 

2. Promoting Sustainable Food Consumption 

The promotion of sustainable consumption practice has attracted research interest from various 

disciplines with accordingly different focuses in terms of how to study and possibly change, 

unsustainable consumption practice. In the field of environmental psychology, pro-environmental 

beliefs and their relationship to behavior are emphasized [14,15]. Results indicate that characteristics 

for consumers who engage in sustainable consumption practice are problem awareness, environmental 

values and adherence to social and personal norms supportive of sustainable consumption [16–19]. In 

the case of food consumption, problem awareness results in consumer awareness of the links between 

consumption practices, for example, cooking and climate change. Hence they are more likely to eat 

less meat. Strong habitual consumer practices, such as eating meat, might be overcome if consumers 

assign value to the environment [16]. From a behavioral change perspective, the main difference 

between consumers who buy eco-labeled products or engage in sustainable consumer practice and 

those who do not, is how they value the environment. Consumers must, without any doubt, perceive 

the relationship between what they consume and effects on the environment in order to activate 

relevant environmental values. Consumer practices supported by social norms are more likely to be 

accepted than those unsupported by such social “pressure” [19,20].  

In the field of consumer policy, communicative instruments such as product labeling schemes 

(third-party certified and other), consumer education campaigns, advisory schemes and consumer 

information are used to promote sustainable food consumption [21].  

Consumer policy communicative instruments designed for this purpose use information and social 

norms to effect change [21]. Examples of communicative instruments supporting the demand for 

sustainable food are the labeling of organic and fairly-traded food, climate labeling and consumer 

education/information campaigns initiated by government and/or business on product-related sustainability 

issues. Communicative instruments aim to appeal to consumers’ sense of responsibility [22]. Using 

motivational psychology, it has been suggested that education about sustainability issues related to 

consumer lifestyle is a way to empower consumers [3]. The implications for consumer policy in 

promoting sustainable food consumption led to various measures aimed at empowering individual 

consumers. Drawing on self-determination theory, education on sustainability problems connected to 

food consumption practices and on the possibility of overcoming these problems by changing one’s 

behavior is suggested as an important consumer policy instrument [23]. Studies focusing on the 

promotion of sustainable consumption within environmental psychology and consumer policy are 

problematic for two main reasons. First, they rely on an information transmission model of 

communication assuming “that effectiveness (in labeling schemes, in consumer education campaigns) 

is embodied in information/knowledge (which, author insertion) rest on the idea that it can transfer 
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from person to person and time-space to time-space without interrogation and interpretation”  

([24], p. 38). In philosophical and methodological opposition to this view on information-as-a-thing, 

information-as-meaning represents a view on communication as the result of interpretation and 

dialogue [25–27]. To see consumers as creators of meaning imply that information–based efforts 

designed to change food consumption in a sustainable direction–must facilitate the sense-making or 

understanding of sustainable food [25]. This conception of communication is closely connected to the 

concept of verstehen (understanding) as our being in the world, a world where communication and 

knowledge is inherently social [25,27–29]. Two main implications for communication promoting 

sustainable food consumption follow the information-as-meaning view on communication. Body, 

mind and soul are parts of human sense-making/understanding [24]. Thus emotions are an integral part 

of all human knowledge and information efforts to promote sustainable food must not only be factual 

but also relate to consumer emotions. In addition, the social construction of meaning/knowledge implies 

that all communication is a means to an end, produced by actors to achieve certain goals [27,28]. 

Accordingly, information-based promotion of sustainable food consumption should aim to reflect a 

diversity of perspectives. 

Secondly, literature provides plentiful evidence that merely informing consumers about alternative 

consumption alternatives is not enough to achieve behavioral change [11,30]. Within the field of 

consumer policy the relationship between individual consumption practice and cultural meanings is 

discussed in terms of altering structural conditions to make individual sustainable consumption 

practice “cheaper or more convenient or making undesired behavior more expensive or inconvenient” 

([3], p. 164). In practice theory the material, social and time-spatial dependency of individual 

consumption is characterized as path dependency [30–32]. Hence change in individual consumption 

practice is not only a question of re-framing structures (financial and other) or norms that impede on 

sustainable consumption practice. Path dependency circumscribes change in individual practice as the 

experience, engagement in and accessibility to combinations of everyday practice limit the recruitment 

of individuals to practices [31]. Hence, efforts taken to promote sustainable food consumption should 

be viewed from a perspective that involves a bundle of interrelated everyday consumer practices. 

One way to design information with the aim of promoting sustainable food consumption is to 

emphasize the specific features and benefits associated with sustainably produced food in an 

understandable and transparent way [2]. Recent literature in the field of sustainable marketing provides 

guidance on how to increase consumer knowledge and help change consumption-related norms. The 

key characteristic of sustainable marketing and branding is its dual communication focus on  

both product/service-related benefits and product/service-related solutions to sustainability-related  

problems [33–35]. Sustainable marketing, or the “new green marketing paradigm” emphasizes the 

educational and empowering requirements of marketing communication [34]. This empowering aspect 

of sustainable marketing communication implies that “marketing efforts may also require efforts to 

inform consumers about issues on the sustainability agenda and how they relate to lifestyles and 

choices” ([35], p. 180). Such educational marketing communication efforts enhance the possibility of 

engaging consumers in ways experienced as meaningful, which will create demand for brands that 

provide sustainability-related solutions [33,34]. Sustainable marketing thus moves beyond the 

information-as-a-thing communication model and shares traits with communicative information that 

acknowledge communication as negotiating meaning and exploring difference [27]. Truly empowering 
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information, assuring diversity in perspectives reflecting different stakeholder positions on sustainable 

food, is based on dialogical interaction [26]. 

Dialogical communication is considered a main precondition for sustainable business practice [26]. In 

line with this, the successful marketing of sustainably produced food provides consumers with 

information about sustainability issues related to food production from different stakeholder positions 

including producers of food and the natural environment [36]. Such information, in order to release the 

thinking potential and diversity of perspective that is characteristic of the information-as-meaning 

communication model, must be communicated in such a way as to welcome both agreements and 

disagreements [24]. This means that the empowering of food consumers, in terms of the possibility of 

making a difference by consuming sustainably produced food, concerns primarily the process of 

communication. Our inability, as consumers or laypeople, to perceive the direct effect of global 

warming or toxic substances in water or soil inevitably makes the marketing of sustainably produced 

food difficult and complex in terms of credibility. If consumers cannot directly perceive the difference 

between sustainably and conventionally produced food, they must, in order to start buying sustainably 

produced food, ultimately value information on these issues. From a commodity discourse perspective, 

this means that marketers as cultural producers to a large extent prescribe how food is valued by 

consumers [37–40]. Change in the consumption of food in a sustainable direction can be achieved by 

describing food production from a variety of perspectives in a way that enables consumers to value the 

sustainability of food production. 

3. Defining Sustainable Food Production 

As no common and accepted definition of sustainable food production exists, sustainable food 

production is often related to the three pillars of sustainable development, namely: social, environmental 

and economical sustainable development [2,41]. More recently, cultural diversity has been accepted as 

the fourth pillar of sustainability [42]. Based on these four pillars of sustainability, the concept of 

sustainably produced food becomes complex and blurred and it is difficult to see how a) consumer 

understanding of such food would deepen, and b) sustainably produced food could be promoted, based 

on this conceptual framework. The American Public Health Association interprets sustainable 

development in terms of food production and defines a sustainable food production system (SFPS) as 

“…one that provides healthy food to meet current food needs while maintaining healthy ecosystems 

that can also provide food for generations to come with minimal negative impact on the environment. 

A sustainable food system also encourages local production and distribution infrastructures and makes 

nutritious food available, accessible and affordable to all” [43]. This definition does not provide 

consumers with the ability to distinguish between sustainably and non-sustainably produced food. The 

notion of sustainable nutrition can be used to sum up some of the most important aspects of sustainable 

food production [44]. Sustainable nutrition relates to food that is: enjoyable and easily digestible, 

plant-based, minimally processed, organically produced, regional and seasonal, fairly traded and 

packed in an environmentally-sound manner. The concept of sustainable nutrition is without doubt 

easier to understand, from a consumer perspective, than are the four pillars of sustainability. However, 

neither the conceptual relationship between sustainable development and food, nor the relationship 

between sustainable nutrition and food, provide guidance to consumers when choosing among options 
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in the supermarket setting. From a sustainable agriculture perspective sustainable food production 

entails the recycling of soil nutrients in farming [45]. Educating consumers about basic food 

production principles in terms of the circulation of energy and nutrients at the farm level would, at 

least in theory, facilitate conscious consumer choice of sustainably produced food [46]. Considering 

the long distance, physically and mentally, between the production and consumption of food in the 

global food system, at least from a Western perspective, this strategy of food consumer empowerment 

is deemed ineffective at this time. 

Literature within the field of food production and sustainable development was reviewed as a first 

step to address the gap in literature concerning information about sustainable food production that can 

be used when communicating with consumers about sustainability issues in food production.  

4. Food Production and Sustainable Development 

Food and sustainable development is a vast scientific area. Literature relevant for information on 

sustainable food production with the aim of communication about and promoting such food, focuses on 

the relationship between dominant food production practices, environmental sustainability and access to 

food on a global scale. These relationships uncover the diversity in perspectives (regarding sustainable 

food production) characteristic of dialogical (market) communication [26]. Four of the eight 

Millennium Development Goals are related to food production and consumption: to eradicate extreme 

poverty and hunger, to promote gender equality and empower women, to reduce child mortality and to 

ensure environmental sustainability [47]. The possibility of achieving the Millennium Goals is clearly 

intertwined with agricultural practice and the structure of the global food industry, which in turn reflect 

global food consumption patterns [48]. In 2010, approximately 925 million people were 

hungry/malnourished and the Food and Agriculture Organization of the United Nations (FAO) 

emphasizes the link between reducing hunger and sustainable agricultural practice in developing 

countries [49]. The right to adequate food for all people is stated in the FAO’s voluntary guidelines [50]. 

Food security describes a situation in which all people always have “physical, social and economic 

access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an 

active and healthy life” [51]. Global agricultural and food provision systems have largely changed 

agricultural practices in developing countries in the direction of large-scale monocultures, undermining 

food security as subsistence farming, i.e., local small-scale farming based on traditional agricultural 

knowledge, has been replaced [52–54]. The global and industrialized food provision system negatively 

affects food security and increases poverty in a developing country context [55–57]. 

Dominant global food production practices share a number of characteristics that have adverse 

environmental effects. The intensive use of pesticides and chemical fertilizers, characteristic of 

industrial and monocultural food production, has reduced biodiversity in terms of soil fertility and the 

number of plant and animal species in agricultural landscapes [55,58,59]. This development has been 

spurred by the use of genetically engineered (GE) crops, where the intensified use of Roundup has 

increased the risk of weed pesticide resistance and changed the soil flora [60]. Ecosystem degradation 

must be reversed in order to feed the increasing number of inhabitants in the world [61–63]. The eight 

Millennium Development Goals set targets for the reduction of greenhouse gas (GHG) emissions, the 

reduction of biodiversity loss and increased water security. The role of agriculture and food production 
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in achieving these targets is important [48]. Future food production will depend on the availability of 

water [58]. To feed the most hungry, the local availability of water must increase by 100% [63]. 

Environmental problems associated with dominant food production practices are intimately 

linked to poverty and food security. A review of the literature on dominant food production 

practices, environmental sustainability and access to food on a global scale result in an intrinsic web of 

sustainability-related consequences of food production. These consequences, often negative and 

interconnected, are illustrated in Figure 1. Animal welfare issues are placed under environmental 

consequences; connections between consequences are marked with arrows. Literature on sustainable 

food production, relevant for the communication and promotion of such food, is concerned with the 

interconnections between environmental consequences of food production, the indirect economic 

consequences of poverty and hunger as well as socio-cultural consequences as health. The interface 

between the economic, environmental and socio-cultural consequences in Figure 1 has guided the 

literature presented in this section. The relationship between food security and bio- as well as cultural 

diversity and the ones between sustainable food production and human health/animal welfare represent 

areas in literature that deal with these interfaces and interconnections. 

Figure 1. Aspects of food production related to sustainable development including  

animal welfare. 
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4.1. Food Security as Bio-Cultural Diversity 

Cultural diversity as the fourth pillar of sustainability (as opposed to a global agri-industrial model 

of food production) indicates that locally-adapted food-production practices based on indigenous 

knowledge are effective in reducing hunger and poverty in developing countries [42,64–66]. Culturally 

diverse, locally-based farming practices, based on biological diversity, in terms of plant and animal 

species and ecosystems, enhance the resilience of small-scale farming in developing countries [55,67,68]. 

Resilience captures the ability of the environment and local communities to withstand and cope with 

change and stress, such as harsh conditions, drought and disease [45,67,69]. 

The bio-cultural diversity concept, linking diversity in the cultural sphere to diversity in plants, 

animals and ecosystems, is also applicable in a developed country context. Western industrial farming 

has been demonstrated to impede rural development in terms of employment, knowledge and income 

at the regional level [46,69]. Organic agriculture, as represented by small-scale poly-crop and 

biodiverse farms, has been recognized as a culturally diverse farming practice that improves food 

security and accessibility both in the North and South [64,66,70]. Organic agricultural yields exceed 

conventional yields in a developing country context characterized by low inputs of water and fertilizers 

and, if properly developed, can equal the yields of conventional farming in developed countries [70,71]. 

By building robust soils, organic agriculture sequesters carbon, which can help mitigate extreme 

weather conditions associated with climate change [66,72]. These advantages of organic agriculture 

are based on farming systems “imitating whole natural systems” in terms of the circulation of energy 

and nutrients [46]. Large-scale export-oriented organic food production, based on monocropping, is 

less advantageous as it neither provides food sovereignty/security nor is designed to circulate energy 

and nutrients, but is dependent on inputs such as fertilizers and animal feed [46,55,65,70]. Small-scale 

vs. large-scale organic farming is described as an inherent conflict between authentic organic and 

pseudo-organic systems. Authentic organic farming comprises small-scale biodiverse family farms 

producing food for subsistence and for the local market. Pseudo-organic farming is a large-scale, 

monoculture-based farming practice producing food for the global market without any clear link to 

food security and employment [67]. 

4.2. Sustainable Food Production and Human Health 

Health effects related to current food production practice is related to what we eat and how food is 

produced. The major threats to human health related to the current Western food production system are 

related to the high-intake of meat and to pesticide use. The daily recommended daily meat intake is 

50–100 g per person, whereas the average intake in high-income countries is 200–300 g [73]. Heart 

conditions, diabetes, obesity and colorectal cancer are some health disorders associated with a high 

intake of meat [73,74]. The transformation of the high-income diet to a less meat-based and more 

plant-based one, as called for by lowering of GHG emission targets, has positive consequences for 

human health. Pesticide residues in food are problematic for human health. The long-term health 

effects of consuming a combination of chemicals have not been studied extensively. However, 

research results suggest that a combination of pesticides might increase the toxicity of one given 

pesticide by up to ten times [75]. This makes small children particularly sensitive to “cocktails” of 
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pesticides. As an example, maternal exposure to a cocktail of endocrine-disrupting chemicals causes 

alterations in the fetus neurodocrine system which is linked to reproductive health [76]. Additional 

health effects derive from the extensive use of pesticides in the agricultural sector. Health risks 

connected with the use of pesticides are linked to chemical residues on food, farmer exposure while 

spraying and indirect contamination of water and land. Farmer exposure to pesticides in developing 

countries is particularly alarming [59,77]. The extensive and multiple uses of food additives are also 

considered a major health risk to food consumers, particularly in the case of processed food [78]. 

4.3. Animal Welfare and Sustainable Food Production 

The consequences of intensive animal husbandry for animal welfare and health are yet another 

aspect of sustainable food production. Livestock production is responsible for 18% of all global GHG 

emissions [74]. In conventional, highly intensive livestock production, animal health and welfare are 

often compromised [79–81]. Examples of the compromising of animal welfare include selective 

breeding, resulting in broiler chickens whose legs grow too fast and cripple them, the confinement of 

calves for veal production and breeding sows kept in crates on concrete floors or on straw, often  

nose-ringed to prevent their instinctive nest-building and rooting behavior [79,80,82]. The loss of pig 

genetic diversity due to selection for high output has resulted in less resistance to disease and reduced 

vitality [83]. Rawles proposes adapting the triangle of sustainable development (we presuppose that 

cultural diversity is included in the social pillar of sustainability) to a diamond in which animal welfare 

is included as an equally important element [84]. She argues that as the concept of sustainable development 

is ethically aspirational, “billions of sentient beings” cannot be overlooked but must be included.  

4.4. Interconnections between the Economic, Environmental and Socio-Cultural Consequences of 

Food Production Summarized 

The literature review both implicitly and explicitly identifies several conflicting ideas on how to 

feed the growing population of this planet. Clearly, it is beyond the scope of this article to do justice to 

all these controversies. From a consumer perspective, however, the most obvious dividing line in food 

production practice described in the literature is between large-scale industrial food production, 

dependent on inputs of energy, and nutrients and small-scale local–regional/subsistence food production 

in which nutrients and energy circulate at the local/farm level [52]. Depending on how food is 

understood and normalized, as globally-sourced and non-seasonal (following the large-scale industrial 

food production logic) or as locally-produced and seasonal (following a small-scale food production 

logic), consumers will make different food choices (not excluding the fact that change in consumer 

practice is culturally and structurally embedded). Another dividing line, relevant from a consumer 

choice perspective, is found in the perception of meat production. The industrial livestock production 

structure providing contemporary Western supermarkets with meat is based on a view of animals that 

accepts compromising their welfare [79,80]. Ethical arguments and animal rights propose another 

production paradigm that would imply higher prices and, plausibly, diets containing less meat [84]. 

As a second step in addressing the gap in literature concerning information about sustainable food 

production that can be used when communicating with consumers, an empirical investigation of 
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sustainability-related consequences linked to the production of six food products was undertaken in 

order to conceptualize the common solution-oriented denominators of sustainable food production. 

5. Methodology 

The conceptualization of sustainable food production presented here is based on empirical data on 

sustainability-related consequences linked to the production of six food products: pork based on soy 

feed, farmed salmon based on fish feed, rice, sugar, paprika (sweet peppers) and milk. Methodologically, 

these foods represent six cases in an extensive multiple case study [85]. Case selection followed a 

critical case sampling method in which the author selected the foods regarded as most relevant to how 

various types of consequences (e.g., environmental, economic and social) are interconnected [86]. The 

number of selected cases follows Eisenhardt’s suggestion [87]. 

5.1. The Cases 

Based on the web of sustainability-related consequences of food production illustrated in Figure 1, 

the main criterion for including a food in this study was the ability of its production to illustrate how 

various types of consequences (e.g., environmental, economic and socio-cultural) are interconnected. 

Concepts describing sustainable food production valid outside the specific cases, i.e., concepts 

capturing the common solution-oriented denominators of food production that is economically, 

ecologically, socially and culturally sustainable, must be based on a maximum variation in terms of 

how food production is connected to environmental, economic, social and cultural consequences. Food 

products were selected with the aim of covering all consequences and as many interconnections 

between consequences as possible, as illustrated in Table 1. Thus the selected food products/cases, 

which are described below, represent: 

a. Food chains that are local, regional and global 

b. Differing environmental, social and cultural impacts 

c. Protein/non-protein foodstuffs from animals and fish 

Table 1. Selected food products in relation to market, impacts, protein from animal/fish 

and geographic perspective. 

 Food chain Environmental and social impact Protein 
Geographic 

perspective 

Rice regional–global Dumping, hunger, “improved” seeds/pesticide use [45,88]. no Indian 

Pork/soy global All consequences illustrated in Figure 1 [52,53,89].  yes Dutch 

Salmon/ 

fish 
global 

Biodiversity, the welfare of wild fish, human health and 

employment [90,91]. 
yes Norwegian 

Sugar regional–global Price volatility social/economic consequences. Child labor [56,92]. no Brazilian 

Sweet 

Pepper 
local–regional 

Heavy pesticides use, environmental consequences at farm and risk 

for human health [59]. 
no Dutch 

Milk local–regional Animal welfare, rural development, biodiversity [93]. yes Swedish 
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Due to both financial reasons and access to secondary data, cases have a clear geographical 

perspective, and are described in Table 1 below. Having a geographical perspective does not imply 

reducing food production to the characteristics of a given geographic area. Instead, it means that a 

certain geographic focus, by means of contacts with research and/or research institutes situated in the 

area, has guided the initial collection of data on sustainable related consequences of food production. 

5.1.1. Sugar 

The production of sugar has been studied from a Brazilian perspective. Brazil is, in close 

competition with India, the world’s largest producer of sugar [94]. Sugar can be made from sugarcane 

grown in the tropics or from sugar beet grown mainly in Europe and North America. The international 

sugar market is characterized by harsh competition and political struggles between sugarcane and 

sugar beet [95,96]. This competition is regarded as a struggle over the right to sugar income [95,96]. In 

similar fashion to prices of other primary, globally-traded commodities, sugar prices are volatile and 

falling. For short periods world sugar prices rise sharply, followed by long periods of much lower 

prices [95,97]. The Brazilian perspective highlights a number of interconnected, sustainability-related 

consequences of sugar production that are related to structural and politically-negotiated economic 

effects; 

1. Historically, sugar has been produced from sugarcane, cultivated in large plantations in the 

tropics. Sugarcane plantations have been associated with poor labor conditions, low wages, 

health risks and environmental damage [97,98]. Sugar exports currently play an important role in 

the economies of many developing countries. Small-holder sugarcane production in LDCs (least 

developed countries) is regarded as a means to reduce poverty and advance sustainable 

development [95,98–100]. Sugar from cane is traded as raw or white sugar, whereas beet sugar 

is only traded as white [101]. 

2. Sugar beet-derived sugar accounts for one third of the world’s sugar production [97]. Sugar beet 

cultivation occurs mainly in the EU and the USA. EU beet sugar accounts for 13% of the world 

market [101].The cost of producing sugar from beets is higher than from cane; the EU sugar beet 

industry is protected by subsidies and prices are kept high by dumping on markets outside the 

EU and by import quotas [95,96]. 

5.1.2. Pork Based on Soy Feed  

In this project, pork based on soy feed was primarily studied from a Dutch perspective for two 

reasons: 

1. The Netherlands and Belgium have more pigs per hectare than any other European country [102]. 

2. Dutch researchers are well represented in research into pig farming and sustainable pig  

supply chains. 

The production of pork based on soy feed in many respects illustrates the globalization of food 

production. This production chain represents the agro-industrial model of food production in which 

exports and competition are the main cornerstones of every step of the value chain [53,89]. When 

describing the sustainable aspects of producing pork based on soy feed, these aspects are intertwined 
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with food regimes in Western Europe. European meat consumption increased from 56 kilograms per 

person annually in 1960 to approximately 89 kilograms in 2000 [103]. In countries such as Brazil, 

China and Japan, meat consumption is increasing at even higher rates. The World Bank states that 

“global meat demand is expected to grow from 209 million tons in 1997 to 327 million tons in 2020 

(56%) … It is anticipated that most of this increase will come from animals kept in intensive farms, the 

majority of them in the developing world.” [103]. 

5.1.3. Farmed Salmon Based on Fish Feed 

The production of farmed salmon was studied from a Norwegian perspective. Norway is, followed 

by Chile, Scotland and Canada, the world’s largest producer of farmed salmon [90]. Aquaculture, i.e., 

the farming of fish or other aquatic organisms, accounts for approximately 50% of world fish 

production [104]. Salmon (Salmo salar) is one of two main fish species farmed in Europe. The 

production of farmed salmon has increased dramatically since early 1980, increasing 55-fold over the 

period 1983–2003 [105]. The development of fish farming in many respects parallels that of terrestrial 

livestock farming in terms of the increasing intensification and globalization of this food provisioning 

system [106]. Cold water farming of carnivorous salmon is an intensive monoculture fish farming 

system [106]. With its use of industrial feed and technologies aimed at increasing productivity, it 

represents the agri-industrial model of food provisioning [107]. 

5.1.4. Rice 

Rice has been studied from an Indian perspective. For rice, two main agricultural production 

systems exist [88,108–110]. 

1. An agro-industrial production system, monocrop based, focusing mainly on selling on the global 

market and depending on hybrid rice varieties and large chemical inputs in the form of fertilizers 

and pesticides. The intensive use of chemical fertilizers and pesticides is characteristic of the 

cultivation of “high-yielding” hybrid rice introduced during the Green Revolution in the  

1970s [65,108]. “High yielding” is in fact an inaccurate descriptor; the main characteristic of 

hybrid rice varieties is that they are highly responsive to fertilizer and water inputs, so the correct 

descriptor would be “high-responsive” rice varieties [65]. 

2. A traditional food provision-based agricultural production system that is characterized by  

poly-cropping and local varieties of rice adapted to regional ecosystems [111]. This production 

system is characterized by use of biological pest control and fertilizers, biodiversity and little 

chemical dependence [65,112]. 

5.1.5. Sweet Peppers 

Sweet pepper production was studied from a Dutch perspective. The Netherlands is the second 

largest European producer of sweet peppers and the 10th largest producer globally [113]. In Europe 

and in the USA, sweet peppers are cultivated in protected horticulture or open field production [114]. 

There are two main types of protected horticulture, glasshouse production, as in the Netherlands and 

Israel, and plastic-covered production, as in Spain and Florida [115–117]. There is a distinction 
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between protected horticulture as an environmental necessity due to cold climate and as an integrated 

pest management (IPM) tactic initiated to control pests [118]. The consequences of sweet pepper 

cultivation are related to how the peppers are grown, whether in protected horticulture or on open land. 

In protected horticulture, peppers are grown on substrate made from Rockwool® or peat while in open 

fields peppers are grown in the soil. Sweet peppers can be grown organically in both production 

schemes [119,120]. 

5.1.6. Milk 

Milk has been studied from a Swedish perspective. The studied milk production is large scale, 

intensive and based on monoculture, in the sense that livestock farms specialize in cows or pigs [93,121]. 

Approximately 40% of Swedish farms have livestock-related production (e.g., meat, dairy, or egg 

production). Animal feed is cultivated on 70% of cultivated land in Sweden. This high degree of 

specialization in Swedish agriculture has a number of environmental, economic and social consequences. 

5.2. Data Collection 

Data on the environmental, indirect economic, social and cultural consequences of the selected  

food production systems, both conventional and organic, were gathered for each case in 2010.  

Case-specific literature reviews were undertaken, initially from a certain geographic perspective, for 

each case. The initial collection of secondary data on sustainable related consequences of food 

production was facilitated by contacts with research institutes in different geographic areas. In some 

cases these contacts were combined with field visits and expert interviews with researchers with 

competence in sustainable production of rice, sugar, soy/pork and sweet pepper. Field trips included 

visits to research centers in the field of sustainable agriculture and production sites, for organic sugar 

(Brazil), rice (India) and sweet peppers (Holland). The initial geographical focus on data collection 

was broadened to describe sustainability-related consequences of food production on a global scale. 

The procedure of collecting data on the consequences of food production for each case was continued 

until theoretical saturation was reached, i.e., until additional data on environmental, indirect economic 

and socio-cultural consequences of producing the selected food products did not add in any meaningful 

way to the categorization of these consequences [122,123]. 

5.3. Analytical Procedure 

The conceptualization of sustainable food production presented in the results section was developed 

by first categorizing consequences for each case and second, by means of a cross-case analysis. The 

consequences related to the production of each of the six food products/cases are described and 

presented in an abbreviated form in Table 2 as the first analytical step. In the cross-case analysis, 

patterns were distinguished, in terms of hot-spots, by comparing similarities and differences across 

cases [87]. The cross-case analysis is summarized in Table 3. 
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Table 2. Consequences related to the production of each of the six food products. 

Sugar Sugar cane Sugar beet 

Environmental 

consequences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil degradation due to erosion, use of chemicals and cane burning [99,124]. 

In organic sugar cane cultivation, soil vitality is improved through the non-

burning of cane. Remaining trash, combined with used organic compost, 

increase soil quality and fertility [111]. 

 

Water scarcity and degradation [98,99] due to chemical contamination of 

water, irrigation and cleaning of sugar mills. Organic sugar production affects 

water in two ways. Organic sugar cane cultivation consumes less water as 

water is stored in the soil and water quality is improved as the increased 

organic activity of the soil filters the water [126]. 

 

Air pollution due to the burning of bagasse (fibrous waste produced in the 

milling process) and burning of cane [99]. In organic cane production cane is 

not burned. 

 

Green house gas emissions due to heavy use of chemical fertilizers and 

burning of cane [124,125]. In organic cane production biological pest control 

is applied and organic fertilizers are used, reducing GHG emissions and cane 

is not burned.  

 

Habitat loss due to the clearing of forest and savannah for cane [99,127].  

 

Biodiversity loss—due to chemical use, the burning of cane and water scarcity 

[99,128]. Biodiversity restoration is an important dimension of organic sugar 

cane cultivation [128]. 

 

Soil degradation due to erosion and chemical input [98,99]. 

 

Water pollution through chemical contamination of water [98,99]. 

 

Green house gas emissions due to heavy chemical use (fertilizers and 

pesticides) [125]. Sugar beet production accounts for a considerably higher 

amount of GHG emissions than is the case with sugar cane. 

 

Biodiversity loss—due to chemical use [98,99]. 
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Table 2. Cont. 

Sugar Sugar cane Sugar beet 

Economic 

consequences 

 

 

 

 

 

 

 

 

 

 

 

Socio-cultural 

consequences 

 

Export earnings. Sugar cane exports play an important role in the economy of 

many developing countries [98,127].  

Poverty as land formerly used for subsistence farming and the sale of surplus 

products in local markets is replaced by monoculture. Small holder sugar cane 

production in LCD: regarded as a means to reduce poverty and work with 

sustainable development [98–100]. 

 

Import quotas. Sugar producers outside the EU or the US have limited access 

to these markets as they are protected by import restrictions [98,100]. 

 

Dumping. Sugar made from beet is continuously dumped in overseas, often 

poor, markets [98,100]. 

 

Poor working conditions. Child labor, bonded labor and extremely hard and 

dangerous working conditions in sugar cane plantations [99,124].  

 

Land concentration. Large-scale sugar cane cultivation is linked to the 

concentration of land [124,127] affecting areas for subsistence farming. 

 

Agro biodiversity and food security. Large scale sugar cane plantations 

threaten food security as less crops are cultivated for food and less livestock is 

held [127]. 

Export earnings. The EU and US (and Japanese) sugar market is effectively 

protected by import restrictions. Income generated by the global sugar 

industry is in part allocated to European sugar corporations [98,100]. 

 

Subsidies. The sugar policy of the EU is based on considerable subsidies. 

Thus high priced sugar in the EU is subsidized by European taxpayers [98]. 

 

Increased concentration in sugar export trade [92]. 
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Table 2. Cont. 

Pork based 

on soy feed 

Soy Pig farming 

Environmental 

consequences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Greenhouse gas emissions due to deforestation of tropical rainforest and the 

savannah, the use of pesticides and fertilizers [128–131]. 

 

Biodiversity loss. Soya production for feed constitutes a threat to biodiversity. 

As such, a food provision structure leads to excessive levels of pesticides and 

fertilizers as well as deforestation [89,129,132].  

 

Soil degradation due to erosion resulting from deforestation and a monoculture-

related loss in fertility [129,132]. In Argentina, the traditional pre-soy system of 

rotating livestock with crop cultivation on a seasonal basis promoted the vitality 

of the soil with organic compost and manure [132].  

 

Water degradation and scarcity due to deforestation, the use of chemical 

pesticides and fertilizers and high water consumption are associated with high 

response varieties monoculture agriculture [129,132]. 

 

Increased vulnerability to disease and weeds due to resistance to agrochemicals 

and related biosafety issues as herbicide-resistant genes move to wild plants. 

This development is spurred by the use of GE crops, where an intensified use of 

Round-up (glyphosate) increases the risk of resistance and change in the flora 

[60,132,138]. 

 

 

 

 

 

Gas emission, greenhouse gases as methane and nitrous oxide and other 

gases as ammonia [133]. Livestock production accounts in total for 18% of 

global GHG emissions [73,134]. The leading source of livestock related 

emissions originate in the biological processes of digestion and excretion. 

 

Water scarcity. Producing meat is water-costly as one calorie of meat 

consumes more water than one calorie of grain. This relatively large water 

footprint of meat is due to the amounts of water required to grow livestock 

feed [135,136]. 

 

Leakage of nutrients as nitrogen and phosphorus [69,137,138] to highly 

specialized and intensive live stock breeding. 

 

Pollution of land and water. The volume of waste from livestock 

populations causes contamination of land as ammonia emissions and surplus 

of minerals [139]. 

 

Genetic uniformity. Local breeds of domesticated pigs have been lost. 

Breeding in the West, now exported to the South, aims at maximizing 

productivity, including meat output [69]. This loss in genetic pig diversity 

has resulted in less resilience and vitality due to selection for high output 

[133]. One third of the pigs in the world are genetically very similar as they 

come from industrial breeding lines [69]. The export of these breeds to 

developing countries, where small-scale family farms adapted to the local 

condition are crucial for food security, threatens food sovereignty. 

 

  



Sustainability 2012, 4 310 

 

Table 2. Cont. 

Pork based 

on soy feed 

Soy Pig farming 

Economic 

consequences 

 

 

 

 

 

 

 

 

 

 

 

 

 

Socio-cultural 

consequences 

 

Poverty. Small scale farmers lose land to large scale soy producers, land where 

they used to grow food, or medicinal plants, for themselves. Agricultural 

laborers have less work opportunities in highly mechanized soy cultivation and 

the shortage of employment causes salaries to decrease [129,132,140]. Urban 

migration is the result of the soy expansion related poverty and overcrowded 

city slums offer few job opportunities. There is evidence that those already in 

poverty have borne the worst economic impacts of soy expansion in Brazil and 

Paraguay [132,141]. 

 

 

Unemployment. Small farmers without land and little employment 

opportunities (soy farming without farmers) result in increased levels of 

unemployment among those whose income and resources are already small 

[129,140,141]. 

 

Food security and food sovereignty. The replacement of small scale farming for 

subsistence and the local market with large scale agro-industrial soy cultivation 

is a major threat to food sovereignty and food security [129,130,132,140]. As 

traditional pasture- and farmland is lost to soy in Argentina, production of 

traditional crops has fallen and prices of vegetables, meat and milk have 

increased [132]. Many Argentineans can no longer afford to eat meat and in the 

case of milk, decreased production has resulted in expensive milk imports. 

Hunger and malnutrition affects approx 20% of infants in Argentina [132].  

 

Income and employment on the regional level if, as in the De Hoeve case in 

the Netherlands, pig farmers cooperate and create regional markets for their 

products based on sustainable value [139]. 

 

 

 

 

Consolidation of production in terms of intensive transnational pig meat 

producing companies [139]. 

 

 

 

 

 

 

Animal welfare. The industrial production of livestock farming has serious 

animal welfare implications [80]. This agri-industrial farming model is 

based on indoor farming and selective breeding [136].). Indoor farming 

means that animals are deprived of fresh air and natural behavior. In their 

natural conditions pig sows live together in small groups, greeting each 

other by nose to nose contact and finding isolated and protected sites to give 

birth. Piglets are weaned and stay with their mother for a minimum of 17 

weeks [82]. 
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Table 2. Cont. 

Pork based 

on soy feed 

Soy Pig farming 

Socio-cultural 
consequences 
 

Health. The ever-increasing use of highly toxic pesticides has led to an 
increasing number of cancer diagnoses in the Brazilian state of Mato Grosso 
[130]. In Paraguay the great majority of families investigated in four 
departments of the country reported health problems caused by pesticide 
spraying and contaminated water. 
 
Migration. Landless farmers and unemployed agricultural workers move to 
the slums of big cities where few jobs for the uneducated are to be found 
[129,132]. It has been estimated that in Paraguay approx. 90,000 small 
farmers have abandoned their land since 1990 because of soy expansion 
[140].  
 
Social unrest. Increased pressures on land for soy production causes land 
conflicts, evictions, criminalization and violence [129,132]. 
 
 
Loss of cultural diversity. Indigenous peoples right to land and the possibility 
to live on and from their land is threatened by deforestation and the chemical 
contamination of water. Indebtedness and the selling of land among small 
scale farmers disrupt rural agricultural communities [132,140]. This rupture 
of local rural communities undermines traditional agricultural knowledge, 
linked to local conditions and fauna, as for example polycropping, biological 
pest control and plants used as medicine [140]. 
 
Debt peonage. Slave-like working conditions exist in some states in Brazil, 
where workers are in debt because of housing, food or equipment which 
makes it impossible for them to leave farms or plantations [130]. 

In industrial indoor farming, piglets are separated from their mother after 2-4 
weeks and housed together. Routine mutilations, including castration, 
tail-docking and tooth clipping are part of this farming system [89]. Pigs are 
kept on concrete or on straw. Breeding sows are kept in crates on concrete 
floor or on straw, often nose-ringed to prevent them from rooting as a part of 
their nest-building behavior [80, 89]. 
 
Selective breeding, aiming at maximizing the output of meat, milk and eggs, 
causes excessive and unnatural growth that results in health problems such as 
heart weakness, deformities of the legs and poor immune systems that make 
the animals sensitive to bacteria and disease [73,82,142].  
 
Spreading of infectious disease and drug-resistant bacteria to humans. 
Approximately three quarters of the scientifically-confirmed resurgence of 
emerging infectious human diseases are linked to the expansion and 
industrialization of meat farming [143,144]. Intensive confinement linked to 
high stocking densities which allow no possibility for animals to move 
according to their instincts, no sunlight, stress-induced tail biting and the poor 
hygienic practices of castration, tail-docking and tooth-cutting are some 
examples of factors that suppress the immune system of farmed pigs and 
make them susceptible to disease [145]. The 2005 outbreak of Streptococcus 
suis in Chinese industrial pig farms is an example of how virulent strains of 
disease are intimately related to intensive meat farming [146]. Sprep. suis is 
now a common source of meningitis in farmed pig worldwide and in people 
[147]. Multidrug-resistant bacteria, causing antibiotic resistant human disease, 
are linked to the use of antibiotics in industrial meat farming [148,149]. 
 
Rural development. Industrial pig meat production in Netherlands (and 
elsewhere) is primarily situated in industrial clusters disconnected from rural 
areas. [89,139]. Pig farmers are exchangeable; pig farming is, as a profession 
and as an agricultural practice, no longer part of the Dutch rural society and 
landscape [139]. Industrial pig farming impedes rural development, including 
employment, knowledge and income, at the regional level [139]. 
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Table 2. Cont. 

Farmed salmon 

based on fish feed 

Fishmeal Salmon farming 

Environmental 

consequences 

 

 

 

 

 

 

 

 

 

 

 

 

  

Economic 

consequences 

 

 

 

 

 

 

Reduced aquatic biodiversity due to depletion of wild fish stocks used for fish 

feed [106]. Many effects from overfishing wild stocks used for fish feed are 

indirect, over-exploitation of fish for feed leads to the decline of other wild 

fish, such as cod, as there is more competition for food [106]. 

 

 

 

 

 

 

 

 

 

 

Decreasing income and employment in fisheries in developing countries as 

wild fish stocks used for feed are decreasing [152,153]. Future economic 

drawbacks for smallholder subsistence/local market fishing are to be expected 

as over-exploitation due to fish feed has effects on all kinds of wild fish 

stocks. 

 

 

 

 

Reduced aquatic biodiversity due to chemical residues, the release of organic 

matter into water and falling numbers of wild salmon as a result of farmed fish 

causing competition for feed and habitat, transfers of infections and parasites and 

genetically-dubious interbreeding [90,106,150]. In addition salmon farms are 

highly attractive to predators, such as otters, seals, sea lions, fish eating birds and 

mink. These animals are killed to ensure the productivity of fish farms [150]. In 

organic salmon farms measures are taken to restore biodiversity. 

 

Habitat degradation as a result of pollution from fish waste, excess feed and 

chemicals. This waste affects the seabed at a considerable distance from fish 

farms and for long periods of time. Sediment caused by waste releases 

compounds, such as phosphates and methane, into the water, which can 

predispose sea beds to toxic algal blooms [150]. 

 

Decreasing employment and less qualified/paid jobs due to mechanization in 

salmon farming [151]. 

 

Concentration of global trade [154]. 
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Table 2. Cont. 

Farmed salmon 
based on fish feed 

Fishmeal Salmon farming 

Socio-cultural 
consequences 

Food or feed. As farmed salmon is based on feed using wild caught fish a 
competitive situation for protein between humans and farmed fish will occur 
in the future [106]. 

Fish health and welfare is threatened is intensive salmon farming. The high 
stocking density of salmon in cages is the main cause of several interrelated 
health and welfare problems [90,150]. Another major source for welfare- and 
health-related problems in farmed salmon are breeding methods based on 
biotechnology and genetic engineering aiming for fast fish growth [90]. Some of 
the most serious threats to fish health and welfare are: (1) stress and aggression 
caused by constraints in natural swimming, living and feeding behavior, (2) 
increased susceptibility to disease and parasites, (3) increased levels of physical 
injuries, (4) reduced growth and feed intake, (5) increased mortality, (&) 
unethical slaughtering methods [90,150]. Organic farms are semi-intensive as the 
stocking density is reduced. 
 
Genetic uniformity. Farmed salmon is based on a few breeding lines to maximize 
growth and fish meat output. Farmed salmon have a reduced body streamline 
profile, shorter fins, reduced swimming performance and different heart 
configurations which are disadvantageous in the wild condition [69]. As farmed 
salmon often escape and interbreed with wild salmon, these genetic uniformities 
have detrimental consequences for the wild population. [155]. 
 
Fish provisioning as separated from rural community development. The large 
scale and intensive farmed salmon industry is operated by a few global 
companies. This aqua-industrial fish production system is disconnected from 
development, employment and income in rural coastal communities 
[106,107,151]. 
 
Human health consequences are caused by artificial coloring, antibiotics, the 
fungicide malachite green (increasing the risk for cancer and harmful to the 
human reproductive system), as well as contaminants like dioxin in feed [156]. 
 
Labor practices. The great expansion of the farmed salmon industry has had 
negative consequences as inadequate protection of workers, low wages, no 
employment contracts, no insurance schemes and no trade union schemes [151]. 
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Table 2. Cont. 

Rice Agro-industrial production Food-provision based production 

Environmental 

consequences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Economic 

consequences 

 

 

 

 

 

 

 

 

Soil degradation, erosion and salinization [89,109,112]. 

 

Water scarcity and degradation through contamination of water and overuse of 

water [88,108,110,157]. 

 

Green house gas emissions due to heavy chemical use and methane emissions 

from wetland rice fields [157–159]. 

 

Biodiversity loss—due to chemical use, small seed base and biopollution 

[65,88,160]. 

 

Increased vulnerability to disease and weeds due to resistance to 

agrochemicals and related biosafety issues as herbicide-resistant genes move 

to wild plants and create so called super-pests, as well as creating “super pests 

by killing predators and contributing to the emergence of pest-resistance” 

[88,161,162]. 

 

Debt. Farmers’ investments in seeds (terminator seeds producing a rice plant 

with no breeding ability and chemical inputs must be covered by the crop 

harvested [163]. When the crop is smaller than expected farmers are left in 

debt [88,110].  

 

Risk. The monoculture associated with hybrid rice production means that 

complementary harvests normally used for food and surplus, and sold in local 

markets, thus alleviating risk, are lost [88,160]. 

 

 

Soil vitality and moisture due to use of organic matter and “organic principles 

of root development” [88,109,112,157]. 

 

Biodiversity in seed (locally-bred varieties adapted to local conditions), flora 

and fauna [65,88]. 

 

Reduced green house gas emissions due to chemical use [157]. Methane 

emissions from wetland rice fields [158,159]. 

 

 

 

 

 

 

 

 

 

Increasing long-term yields. Compared to the agro-industrial rice production 

system, the rice yields of traditional food-provision rice farming are equal in 

the short-term but higher over the longer term as agro-industrial rice 

production historically declines over time [88,164].  

 

Risk reduction. As a secondary effect of the poly-crop based farming system, 

farmers spread their economic risks by being able to sell more than one crop 

on the local market. 
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Table 2. Cont. 

Rice Agro-industrial production Food-provision based production 

Socio-cultural 

consequences 

Land-grab. Agro-industrial production of rice represents a type of monocrop 

food provision system that has recently been connected to land-grab 

[162,163]. The economic consequences for a country that leases large parts of 

agricultural land to foreign investors/countries might be positive in the short-

term and for small groups of the population. In the long-term, land-grabbing 

pushes poor rural farmers from their land, increasing food security and food 

sovereignty, causing poverty and potential conflicts over water. 

Food security and food sovereignty. The transformation of small scale farming 

for subsistence and the local market to large scale agro-industrial soy 

cultivation is a major threat to food sovereignty and food security [88,110]. 

 

Health consequences due to the use of chemicals, either related to direct use 

when spaying or handling chemicals, or indirectly through the contamination 

of water and food [88,110]. 

 

Consequences related to farmer’s knowledge, rural development and cultural 

diversity. The replacement of locally-adapted indigenous rice varieties by 

industrially produced high response varieties [65,88] has led to a poor 

knowledge base among rice farmers in such rice producing countries as India 

and the Philippines. Poor farmer knowledge in the fields of local agricultural 

conditions undermines health, rural development and cultural diversity 

[42,88]. 

Food security and food sovereignty are improved as variations in the food 

produced spread the environmentally-induced risks and allow subsistence 

farming [42,51,65,88]. 

 

 

Better health due to better diet (more nutritious and varied food, less 

contaminated water) and the non-handling of chemicals [88,110]. 

 

Farming of rice, based on traditional and inherited knowledge and developed 

via the breeding of rice varieties adapted to local conditions, has a large 

number of advantageous consequences. The farmers’ local knowledge base is 

secured and protects both the natural as well as the cultural resource base, as 

subsistence food needs are met and the resistance to harsh environmental 

conditions is strengthened [42,51,65,88]. 
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Table 2. Cont. 

Sweet Pepper Freeland production Protected production 
Environmental 
consequences 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Economic 
consequences 
 
 
 
 
 
 
 
 
 
Socio-cultural 
consequences 
 
 
 
 

Soil degradation due to chemical pesticide use to curb large open-field 
pests and soil-borne diseases [118]. In organic free land production 
chemical pesticides are replaced by biological 
spraying [114]. 
 
Water scarcity and degradation through contamination of water and 
overuse of water [118,165]. In organic production there is no 
contamination to water. 
 
Green house gas emissions due to heavy chemical use and water input.  
 
Biodiversity loss due to chemical use is limited in organic production. 
 
 
High-yields due to longer growing seasons [116,117]. In organic 
production yields are lower due to pest related problems [166]. 
 
No investment in protective constructions. 
 
Energy subsidies. The Dutch energy subsidy to greenhouse production is 
economically favorable to Dutch growers and distorts competition with 
more energy efficient production systems [120]. EU taxpayers will lose 
economically from this arrangement. 
Consolidation and concentration of export [167]. 
 
Health. Pesticides that compromise human health as they affect the 
endocrine and immune system are known as carcinogens and reduce the 
fertility of those exposed to pesticides [168,169]. Childhood leukemia is 
associated with prenatal, maternal occupational pesticide exposure [170]. 
 

Green house gas emissions. The growing of peppers in Dutch glasshouses consumes 
40 times the energy it produces due to heating, light, the production of fertilizers 
and the production of substrate [120]. Organic greenhouse production must, 
according to EU legislation, be soil-based which decreases GHG emissions as 
neither substrate nor chemical fertilizers are used [114,166]. 
 
Reduced use of chemical pesticides. Protected pepper production reduces the need 
for chemical pest control as insects are “kept out” by a physical barrier 
[117,118,165].  
 
Increased efficiency of water use as nutrient solutions can be recycled and irrigation 
systems can be closed [117,165]. 
 
 
 
Cost of chemical inputs, not for organic cultivation. 
 
Overproduction and low prices has led to owner concentration and a decrease in 
family-run pepper production [167]. Since 1990, the number of greenhouse growers 
has reduced by 50% [120]. 
 
 
 
 
 
 
Rural development. Large-scale greenhouse cultivation of peppers as in the 
Netherlands is disconnected to nature as it is soil-less and dependent on artificial 
light and heat [120]. This disconnection of large-scale agricultural production from 
nature itself is assumed to impoverish rural communities [139]. 
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Table 2. Cont. 

Milk  
Environmental 
consequences 
 
 
 
 
 
 
 
 
 
 
 
Economic 
consequences 
 
 
Socio-cultural 
consequences 

Biodiversity loss. As less and less agricultural land is used for keeping grass-eating livestock and more area is allocated to growing high-protein animal feed in 
an intensive and specialized manner, the number of habitats for a wide array of animals and birds decreases [93,121,171]. 
 
Soil degradation due to chemical fertilizer/pesticide use in feed production and leakage of nutrients and ammonia [93]. In organic milk production no chemical 
inputs are used [171].  
 
Water contamination due to chemical fertilizer/pesticide use in feed production and leakage of nutrients and ammonia [93]. 
 
Greenhouse emissions. Swedish milk is climate-efficient compared to other milk producing countries [49]. As cows naturally produce methane this is partly 
explained by the short life of the Swedish cow which is dubious from an animal welfare perspective. Approx 50% of the GHG emissions related to Swedish 
milk is related to the natural digestive process of the cow and approx 50% to using manure and chemical fertilizers on the fields [172]. 
 
Large scale and industrially produced milk leads to a reduced possibility for small-scale farmers to earn their living. 
 
 
 
Cow welfare and health. The most serious welfare problems among milk-producing cows are related to a milk-producing system that is based on breeding, 
feeding and living conditions that do not converge with the natural condition and instincts of cows [93]. Too little time outside, not enough space to move inside 
and no time with new-born calves are highly problematic from a welfare perspective. The intensive breeding of the black and white Swedish cow (this race 
accounts for 50% of the milk produced in Sweden) with the aim of maximizing milk production has detrimental health effects. Inflammation in the milk-
producing organs of the cow is over-represented among these cows as these organs are over-sized due to breeding [173]. As a result of these health problems, 
average life expectancy of a high-producing black and white Swedish cow is 3 years (cows can live up to 20 years). 
 
 
Food or feed. Within intensive and highly specialized milk producing systems cows can be said to compete with humans for the food  
produced/cultivated in Sweden [121]. In the longer term perspective this has effects on Swedish food security and food sovereignty. 
 
Cultural landscape and cultural diversity. As less and less agricultural land is used for keeping grass-eating livestock and more area is allocated to growing 
high-protein animal feed in an intensive and specialized manner, the number of habitats for a wide array of animals and birds decreases. This development 
changes the Swedish landscape and is a threat to cultural diversity [121]. 
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Table 3. Sustainable hot spot matrix for the production of six food products. 

Sustainable 
hot spots 

Climate Food and 
water security 

Biodiversity Cultural 
diversity

Protein 
efficiency

Poverty Health Animal 
welfare

Rice X X X X  X X  
Pork/soy X X X X X X X X 
Salmon/fish  X X X X X  X 
Sugar X X X X  X   
Sweet pepper X  X    X  
Milk X  X X X   X 

5.4. Limitations of the Study 

One limiting factor in this study has been that no contacts were established with research centers 

working with sustainable production of pork, farmed salmon and milk. Such a possible bias could 

affect the possibility of properly categorizing the consequences of producing these foods. Biases and 

the selection of cases have implications on the validity of the proposed conceptualizations for food in 

general. The strong consistency in the patterns distinguished across cases labeled as climate, 

biodiversity, cultural diversity, poverty and food/water security indicate that these issues are an 

integral part of the contemporary Western food provisioning system in general, both in terms of  

agri-industrial production practices and sourcing. However, inclusions of additional cases might have 

added more nuances to the descriptions of sustainably-produced food presented in this article. 

6. Results 

Based on the descriptions of the sustainability-related consequences of the production of the six 

food products presented in Table 2, a sustainable hot spot matrix has been developed that summarizes 

and categorizes the sustainability-related consequences across cases. Patterns distinguished across 

cases are labeled as climate, food/water security, biodiversity, cultural diversity, protein efficiency, 

poverty, health and animal welfare.  

6.1. Hot Spot: Climate 

The climate category serves to label GHG emissions caused by food production. Production of all 

but one—farmed salmon based on fish feed—of the selected food products caused GHG emissions. 

For rice, milk, sugar, pork based on soy and sweet peppers, a large part of GHG emissions is due to the 

heavy use of chemical fertilizers and pesticides [125,129,130,157,172]. In food provision, the poly-crop-

based production of rice, GHG emissions are reduced due to a low chemical dependence [157]. The 

biodiversity base of such traditional organic farming systems not only reduces GHG emissions but also 

fixes carbon in vegetation and soil [67]. In organic sugarcane production, GHG emissions are reduced 

as chemical inputs are avoided and residues from sugarcane are used to produce energy [125]. This 

ethanol substitution for fossil fuel in sugarcane results in decreased levels of GHG emission compared 

to sugar beet production.  
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Other food-specific important sources of GHG emissions are the production of methane by the 

natural digestive process of cows used for Swedish milk production and by wetland rice production, 

the destruction of tropical rainforest and savannah in South America to produce soy used as feed in pig 

meat production, the production of methane, nitrous oxide and other gases (e.g., ammonia) related to 

pig farming and energy consumed for heating and lighting characteristic of protected (glasshouse) 

production of sweet peppers [120,125,129,130,133,157–159,172]. 

6.2. Hot Spot: Food and Water Security 

The food and water security category implies that food production affects people’s right to adequate 

food and water. The production of rice, pork based on soy feed, farmed salmon based on fish feed and 

sugar affects food security, as large-scale industrial production intended for competition on global markets 

requires land/fish formerly used for subsistence farming/fishing [88,89,110,127,129,130,140,152,153]. 

Poly-crop subsistence farming including livestock, i.e., agri-biodiverse subsistence farming, reduces 

environmentally-induced risks as variation in food sources is established [127]. Subsistence farming, 

like subsistence fishing, often includes selling surpluses in local markets, thereby reducing poverty. 

The conversion of land used for subsistence farming to the large-scale industrial production of soy, 

rice, or sugar is paralleled by decreased production of traditional food crops and is often accompanied 

by food price increases. In the case of Argentina, many Argentineans can no longer afford to eat meat 

and drink milk, as traditional pasture and farmland has been lost to soy production resulting in the 

importation of expensive foreign milk [132]. 

The food security-related consequences of industrial monocultures of, for example, soy, rice and 

sugar, are without exception paralleled by water security issues. Large-scale industrial farming, largely 

dependent on chemical fertilizers and pesticides, influences water quality through chemical 

contamination and the quantity of available water through irrigation and decreased soil  

moisture [88,98,99,108,110,111,157]. The water scarcity associated with highly-responsive varieties of 

industrial seeds in monoculture agriculture has two facets [129,132]. The heavy use of chemical 

fertilizers and pesticides when growing these highly-responsive industrial varieties affects soil vitality 

and moisture [88,109,112,157]. As soil water decreases, it must be replenished through irrigation or 

through rainwater [126]. The effects of large-scale monocultures on water quality and quantity are 

interconnected. Decreased soil vitality (i.e., decreased organic activity in soil) and less soil water 

availability (i.e., less water stored in soil) affects the soil’s ability to filter and thus improve  

water quality [174]. 

6.3. Hot Spot: Biodiversity 

The biodiversity category implies that food production affects one or more of the following three 

components of biodiversity: diversity of plant and animal species, diversity within a species and 

diversity of ecosystems [55,69]. 
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6.3.1. Monocultures of Plants and Seeds 

Monocultures of soy and rice are based on genetically similar, high-responsive seeds bred to be 

optimally productive when provided with chemical fertilizers, pesticides and large amounts of  

water [65]. Large-scale monocultures of soy, sugar and rice influence biodiversity negatively on all 

three levels [69]; 

 Diversity of plant and animal species. The heavy use of chemical inputs and water scarcity 

negatively influence soil life and diversity in flora and fauna [65,88,98,99,129,132,160]. 

Biodiversity restoration is an important dimension of organic sugarcane cultivation that is 

paralleled by increased soil water retention and the return of creeks [128,174]. The biodiversity 

loss due to chemical use in sweet pepper production is limited in organic production. 

 Diversity within species. The seeds used are genetically similar, which reduces the biodiversity 

of the seed sown by displacing locally-bred varieties adapted to local conditions [65,88,160]. 

This genetic uniformity increases bio-pollution as crops are less resilient to pests, disease and 

weeds as these develop resistance to agrochemicals [88,161,163]. The two main biosafety issues 

related to seeds are: (1) herbicide-resistant genes that move to wild plants and create so-called 

super-pests and (2) “superpests” as results of the loss of predators and thus contributing to the 

emergence of pest-resistance [60,132,138,161]. This development is spurred by the use of GE 

crops, where the intensified use of Round-up (glyphosate) has increased the risk of herbicide 

resistance and changed the soil flora [60,132,138].  

 Diversity of ecosystems. The land used for crop cultivation represents ecosystems that have 

become increasingly homogenous. The decrease in biodiversity in terms of number of plant and 

animal species and number of cultivated varieties affects the ecosystem as a whole [45]. Soy 

production is South America is one example of this, the monotonous landscape of corn in Iowa 

(the American Farm Belt) is another [46]. In the case of soy cultivation, destruction of the 

savannah is yet another example of decreased ecosystem diversity [89,129,132]. 

6.3.2. Animal/Fish Husbandry 

Large-scale monoculture in animal/fish husbandry negatively affects biodiversity in a similar way. 

Uniformity of seeds is here replaced with genetic uniformity, as the genetic base is limited to breeding 

lines that maximize growth and meat or milk output [69,83]. 

 Diversity of plant and animal species. The heavy use of chemical inputs in salmon farms and the 

contamination of water and land due to intensive livestock and fish farming (leakage of nutrients 

as well as organic animal waste in the form of ammonia and minerals) influence the diversity of 

plants and species in the sea and on land [90,106,139,150]. In addition, the production of farmed 

salmon negatively affects biodiversity of plant and animal species as (1) salmon farming is based 

on feed from depleted wild fish stocks and (2) the many escapees from fish farms cause  

falling numbers of wild salmon, as farmed fish compete with wild salmon for feed and habitat, 

transfer infections and parasites to the wild population and engage in genetically dubious 

interbreeding [90,106]. In addition, salmon farms are highly attractive to predators such as otters, 
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seals, sea lions, fish-eating birds and mink, all of which are killed to ensure the productivity of 

fish farms [150]. 

 Diversity within species. Intensive livestock, dairy and fish farms are based on genetic 

uniformity. The large-scale production of pork, milk and farmed salmon uses only a few 

genetically very similar breeding lines chosen to maximize growth and output of meat and  

milk [69,173]. This small genetic base has negative implications for biodiversity as local breeds 

have been lost. Selective pig breeding, resulting in poor immune systems and unnatural growth 

that results in health problems, such as heart weakness, is spreading to the South as industrial 

breeds are exported to developing countries [69,73,82,83]. Production of Swedish milk is based 

largely on the intensive breeding of the black and white Swedish cow to maximize milk 

production, a policy that results in detrimental health effects [142]. In the production of farmed 

salmon, genetic uniformity of the farmed stock has detrimental consequences for the wild 

population. The industrial breeding lines of salmon have disadvantageous body characteristics 

(e.g., less streamlined bodies, shorter fins, reduced swimming performance and different heart 

configurations) that threaten the wild population as farmed salmon often escape and interbreed 

with wild salmon [155]. 

 Diversity of ecosystems. Loss of habitat is related to milk production and indirectly to the 

production of pig meat. As less agricultural land is used for keeping grass-eating livestock and 

more area is allocated to growing high-protein animal feed in an intensive and specialized 

manner, the number of habitats for a wide array of animals and birds decreases [93,121,171]. 

6.4. Hot Spot: Cultural Diversity 

The cultural diversity category implies that food production affects the variety of human 

societies/cultures represented in the world. The production of rice, pork based on soy, farmed salmon 

based on fish feed, sugar and milk have direct effects on cultural diversity. As the relationship between 

culture and biodiversity is regarded as direct, all food production that affects biodiversity also affects 

the variety of culture [164]. Data supporting the impact on cultural diversity were only found for five 

of the studied food products. However, the negative impact on biodiversity related to the production of 

sweet pepper indicates that an alternative use of land (in the case of sweet pepper cultivation) would 

make other ways of life possible. Negative impacts on cultural diversity related to food production are 

caused by loss of land, loss of available fish stocks and change of agricultural practice to the detriment 

of small-scale farmers and indigenous people. In the case of soy and sugar, large-scale plantations 

threaten cultural diversity and negatively affect subsistence farming, as fewer crops are cultivated for 

direct food consumption and less livestock is kept [127,132,140]. In the case of rice, replacing locally 

adapted indigenous rice varieties with industrially bred high-responsive varieties in small-scale farms 

leads to less land used to produce food for direct consumption [65,88]. This replacement of locally 

adapted small-scale farming practices that provide farmers (and local markets) with varied food, with 

large-scale industrial monocultures using industrial seeds, leads to a loss of knowledge in rural 

communities. Examples of traditional agricultural knowledge linked to local conditions and fauna are 

poly-cropping, biological pest control and medicinal plants [140]. In the case of farmed salmon based 
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on fish feed, rural coastal communities are undermined as the aqua-industrial fish production system is 

disconnected from development, employment and income in rural communities [106,107,151]. 

In South America, the disruption of rural communities has led to migration as landless farmers and 

unemployed agricultural workers move to the slums of big cities [129,132]. The same dismantling of 

rural communities has been observed in a Western context. In the Netherlands, pig farming, as a 

profession and agricultural practice, is no longer part of Dutch rural society and landscape [139]. 

Dutch industrial pig meat production is primarily situated in industrial clusters disconnected from rural 

areas and this large-scale pig farming practice undermines rural development, knowledge and  

income [139]. Swedish milk production also affects cultural diversity. As less agricultural land is used 

for keeping grass-eating livestock and more land is allocated to growing high-protein animal feed  

in an intensive and specialized manner, opportunities for small-scale farmers to earn livings is  

reduced [93,121,171]. 

6.5. Hot Spot: Protein Efficiency 

The protein efficiency category serves to group together the input-output efficiencies of producing 

foods of animal/fish origin. Protein efficiency is connected to the issue of how farmland can be used 

most efficiently to feed the world’s growing population. Production of pork based on soy feed, milk 

and farmed salmon based on fish feed has implications for the input-output relationship between 

energy and protein and consequently for how farmland and fish stocks are used to produce protein for 

human consumption. When comparing milk, chicken, pork and beef in terms of their protein and food 

energy output for humans, with input defined as energy from fossil fuel and energy output as “output 

relative to food directly available to man” ([175], p. 109), milk is the most efficiently produced source 

of animal protein [175]. Pork based on soy feed is regarded as a source of protein that is inefficient, as 

the land where soy is produced could be used to produce cereals for human consumption. Thus 

measured as “land area or GHG emissions per unit of protein or calories, it is less efficient to feed 

grain to animals that we then eat, than it is for us to eat the grain directly” ([176], p. 42). For meat, the 

protein efficiency category is ultimately linked to dietary recommendation regarding how much animal 

protein we should/could eat to stay healthy. The relevance of this category in conceptualizing 

sustainable food production is based on the fact that a healthy diet includes approximately 50–100g of 

meat per day and that the proportion of animal protein is 20% of the daily intake of protein for all of 

the world’s population [73,177]. Such a shift in the current Western diet, in which 44% of the protein 

intake originates from animal products, a ratio that increases in line with GDP, would sustain a 

growing population and enable a larger intake of animal protein in poor countries [177]. 

The ratio of fish feed to farmed salmon output is three to one, i.e., it takes approximately three kilos 

of wild-caught fish feed to produce one kilo of farmed salmon [90,178,179]. The use of wild fish as 

feed in salmon farming is a sign of direct protein inefficiency, as some of the wild fish species used as 

feed could be used for direct human consumption [90]. The use of wild industrial fish stocks (not for 

human consumption) as feed affects feed supplies for predator fish, which has indirect implications for 

human consumption. For farmed fish as for meat, the protein efficiency category is ultimately linked to 

the ratio of how much protein from fish we should/could eat to sustain a growing population. As 
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salmon farming is based on feed made from wild-caught fish, competition for protein between humans 

and farmed fish will occur in the future [106]. 

6.6. Hot Spot: Poverty 

The poverty category captures the fact that food production affects poverty in monetary terms. 

Production of rice, pork based on soy feed, farmed salmon based on fish feed and sugar has 

implications for poverty. The poverty impacts of soy and sugar are related to concentration of land 

ownership and mechanization. Large-scale production of soy and sugar is made possible by the lease 

or purchase of land formerly used for subsistence farming with extra income from selling surplus 

production on the local market [98,99,129,132,140]. When small-scale farmers lose their land, they 

need to find income elsewhere and this search is aggravated by, in the case of soy, the shortage of 

employment opportunities in areas of highly mechanized industrial soy cultivation, a shortage that 

depresses salaries [129,132,140]. There is evidence that those who are already poor have become even 

poorer, due to the expansion of soy production in Brazil and Paraguay [90,132]. Debt peonage,  

i.e., slave-like working conditions, exist where farm workers are in debt to pay for housing, food, or 

equipment, making it impossible for them to leave the farms or plantations that employ them [130]. 

In addition, the relationship between sugar and poverty is evident at the national level, as 

competition between sugarcane cultivated in developing countries and sugar beets cultivated in the EU 

and USA is harsh [95,96,101]. This struggle over the right to sugar income takes many forms, 

including import quotas for sugar producers outside the EU and US markets and the dumping of beet 

sugar in developing countries [95,98,100]. This competition between sugarcane and sugar beet is to the 

considerable disadvantage of developing countries, as it negatively affects export earnings [95,98,127].  

The relationship between salmon farming based on fish feed and poverty is indirect. The use of 

wild fish stocks as feed reduces income and employment in fisheries in developing countries, a 

situation expected to worsen in the future because of the effects of over-exploiting feed fish species on 

all kinds of wild fish stocks [152,153]. 

6.7. Hot Spot: Health 

The health category captures the fact that food production (health issues related to food 

consumption are beyond the scope of this article) have negative impacts on human health. Health 

issues characteristic of the production of rice, pork based on soy feed and sweet peppers are identified 

in this study. The use of pesticides when producing soy, rice and sweet peppers directly threatens the 

health of people spraying or handling the chemicals, or indirectly through the contamination of water 

and food [88,110,130]. Pesticides compromise human health as they affect the endocrine and immune 

systems and reduce the fertility of those exposed to them [168,169]. In the case of soy, the use of 

highly toxic pesticides has led to an increasing number of cancer diagnoses in the Brazilian state of 

Mato Grosso [130]. Childhood leukemia is associated with prenatal, maternal occupational  

pesticide exposure [170]. 

Pork production is connected with serious health issues. The large-scale and highly intensive nature 

of industrial pork production is the source of infectious disease and drug-resistant bacteria that can 

spread to humans. Three quarters of confirmed emerging infectious human diseases are linked to the 
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expansion and industrialization of meat farming [143,144]. Intensive confinement linked to high 

stocking densities, allowing no possibility for animals to move according to their instinct, lack of 

sunlight, stress-induced tail biting and poor hygienic conditions during castration, tail-docking and 

tooth-cutting are some examples of factors that suppress the immune systems of farmed pigs and make 

them susceptible to disease [145]. The 2005 outbreak of Streptococcus suis in Chinese industrial pig 

farms is an example of how virulent strains of disease can be related to intensive meat farming [146]. 

S. suis is now a common source of meningitis in farmed pigs and people worldwide [147].  

Multidrug-resistant bacteria, causing antibiotic-resistant human disease, are linked to the use of 

antibiotics in industrial meat farming [148,149]. 

6.8. Hot Spot: Animal Welfare 

The animal welfare category captures the effects on animal/fish welfare that are closely related to 

the production of pork, milk and farmed salmon. Negative effects on animal and fish welfare are 

correlated with highly intensive industrial production, based on selective breeding to maximize meat 

and milk output and with high stocking densities [80,90,50]. 

Welfare complications arise in pig farming due to selective breeding that maximizes output of pork 

but at the cost of excessive and unnatural growth resulting in heart weakness, leg deformities and weak 

immune systems that make pigs susceptible to bacteria and disease [73,80,82,142]. For cows, 

detrimental health effects such as inflammation in the milk-producing organs are over-represented in 

cows bred for maximum milk output, as their organs are over-sized due to selective breeding [173]. 

Due to these health problems, the average life expectancy of a high-producing black and white 

Swedish cow is three years (though cows can live up to 20 years). The living conditions of industrially 

farmed animal/fish further aggravate precarious welfare conditions related to breeding. The industrial 

production of pork occurs indoors, depriving the pigs of natural outdoor behavior [137]. In their 

natural conditions, pig sows live together in small groups and find an isolated and protected site in 

which to give birth; piglets are weaned and stay with their mothers for a minimum of 17 weeks [82]. In 

industrial indoor farming, piglets are separated from their mothers after 2–4 weeks and housed 

together. Routine mutilations such as castration, tail-docking and tooth-clipping are part of this 

farming system [80]. Pigs are kept on concrete or on straw. Breeding sows are kept in crates on 

concrete floors or on straw, often nose-ringed to prevent their instinctive nest-building and rooting 

behavior [82]. Swedish milk-producing cows in large-scale farms face welfare problems similar to 

those of pigs: they spend little time outside, have insufficient space in which to move and spend no 

time with their new-born calves [121]. For farmed salmon, the high numbers of fish in each cage cause 

several interrelated health and welfare problems [90,150]. Constraints to natural swimming behavior 

cause stress and aggression that result in increased susceptibility to disease and parasites, increased 

levels of physical injuries, reduced growth and feed intake and increased mortality [90,150]. 

7. Concepts Designed to Promote Consumption of Sustainably Produced Food 

The hot spots described above have been condensed into four concepts that capture present 

unsustainable traits in the production of the food studied while suggesting solutions to the very same 

problems. The concepts of biodiversity restoration, resource efficiency, local adaptation and welfare 
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and rights restoration are the common solution-oriented denominators of the sustainable hot spots 

illustrated in Table 3. As such, they encompass all the integrated socio-cultural, environmental and 

indirect economic consequences (in terms of distribution of income and poverty) of the production of 

rice, pork based on soy feed, farmed salmon based on fish feed, sugar, sweet peppers and milk 

identified here. The concepts are interdependent and the relationships between consequences related to 

food production and the four concepts are illustrated in Table 4.  

Sustainable food production as biodiversity restoring, resource efficient, locally adapted and 

welfare and rights restoring indicates that the conventional (i.e., non-organic) food production studied 

and to some extent the organic production studied, is characterized by the following: biodiversity loss; 

the inefficient use of resources to feed the world’s growing population; the global scope of the food 

provision system, not only in terms of markets but primarily in its homogenous practice; and threats to 

the welfare and rights of humans and animals in this system. The above concepts have been formulated 

in accordance with the educational and empowering aspects of sustainable marketing [33–35]. The 

solution-oriented connotation of the word “restoring” (in terms of “biodiversity restoring” and 

“welfare and health restoring”) evokes the sense that one is contributing to increased biodiversity, 

welfare and health as a consumer of sustainably produced food. The same logic applies to “resource 

efficient” and “locally adapted” as their opposites, i.e., inefficient and non-adapted, do have negative 

connotations. These words have been chosen to evoke the sense that one is contributing to the more 

efficient handling of resources in feeding the world and to the local adaption of farming as a consumer 

of sustainably produced food. The wording consciously emphasizes the possibility of making a 

difference by consuming sustainably produced food, as suggested in the sustainable marketing 

literature [33–35]. This way of conceptualizing sustainable food production is indirectly supported by 

research within the area of consumer policy where the empowering aspect of an individual ability to 

master change through exercising choice is emphasized [3]. The suggested conceptualization is meant 

to facilitate how consumers make sense of sustainable food by exploring and reflecting on different 

stakeholder positions related to food production [25,26]. Such reflection is encouraged by the wording 

of the concepts (biodiversity restoring, resource efficient, locally adapted and welfare and rights 

restoring), whose opposites explicitly frame food production as an activity with different interests at 

stake. However, the dialogue and interaction characteristics of communication circumscribe the 

transformative potential of information sent and shared by these concepts [27]. Thus empowerment of 

food consumers in terms of negotiating and constructing the meaning of sustainable food production is 

a process of communication that is dependent on how the concepts are used in a market setting. 
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Table 4. Relation between consequences related to food production and the four concepts. 

Hot spot 

 

 

Concept 

Climate Food and water security Biodiversity Cultural diversity Protein efficiency Poverty Health Animal welfare 

Biodiversity 

restoring 

Impacts on use of chemical 

pesticides, deforestation and 

carbon sequestration in 

grazing. 

Impacts on poly cultures 

of subsistence farming 

securing varied food and 

water access. Impacts on 

water through habitat 

restoration. 

Impacts on soil fertility, 

plant and species variety 

and habitat. 

Impacts on income 

from small-scale 

farming in rural 

communities 

Impacts on the source 

and percentage of 

animal/fish protein in 

human diets. 

Impacts on 

income from 

small-scale 

farming in rural 

communities. 

Impacts through 

no use of 

pesticides and 

more disease 

resilient livestock. 

Impacts on 

animal/fish local 

breeding of traditional 

resistant 

livestock/fish. 

Resource 

efficient 

Impacts on land use (food 

instead of feed) and 

production methods 

minimizing energy from 

fossil fuel and water 

consumption. 

Impacts on food and water 

access through traditional 

/organic production 

methods that are poly 

cultural in nature. 

Impacts on soil vitality, 

soil water, plant and 

species variety through 

traditional /organic 

production methods that 

are pesticide free. 

Impacts on small-

scale subsistence 

farming promoting 

development of rural 

communities. 

Impacts on 

calorie/protein output 

per calorie of energy 

input as energy and 

nutrients are circulated 

at the farm level. 

Impacts on land use. 

Impacts on the 

small-scale 

farming enabling 

income from 

local markets. 

Impacts through 

no use of 

pesticides. 

Impacts on breeding 

and livestock farming 

methods, promoting 

livestock adapted to 

natural behavior and 

local condition (e.g., 

grazing). 

Locally 

adapted 

Impacts on use of chemical 

inputs through traditional 

methods, seeds and livestock 

suitable for the local 

condition. 

Impacts on suitable seeds 

and livestock ensuring 

disease resistance, 

resilience and climate 

change mitigation. 

Impacts through the 

choice of locally adapted 

plants and species and 

traditional 

/organic 

farming methods. 

Impacts on small-

scale subsistence 

farming promoting 

development of rural 

communities. 

Impacts on 

calorie/protein output 

per calorie of energy 

input as energy and 

nutrients are circulated 

at the farm level. 

Impacts on the 

yields and 

possible side-

income of small-

scale farming. 

Impacts 

through no use 

of pesticides. 

Impacts on choice of 

livestock adapted to 

the local condition 

and natural behavior 

increasing health and 

disease resistance. 

Welfare and 

rights 

restoring 

Impacts on production 

methods in livestock 

farming- less dependence on 

fossil fuel. 

Impacts on land use and 

water quality as 

livestock production is 

changed.  

Impacts on local 

breeding, suitable for 

natural behavior, healthy 

and disease resistant. 

Impacts on the 

possibility to live in 

rural areas and to 

preserve cultural 

variety in society. 

Impacts on the 

intensity of live 

stock/fish farming and 

the amount of 

animal/fish protein in 

human diet. 

Impacts on the 

possibility to 

live in rural 

areas and to 

preserve cultural 

variety in 

society. 

Impacts through 

less land used for 

growing feed—

less use of 

pesticides. 

Impacts on the ability 

of animals/fish to live 

in accordance with 

their instincts. 
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7.1. Sustainable Food Production is Biodiversity Restoring  

Biodiversity-restoring food production helps reverse the loss of diversity of plant and animal 

species, of varieties within species and in ecosystems [55,62,69]. The cornerstone of all aspects of 

biodiversity is soil fertility. Rebuilding soil fertility entails restoring the life of a multitude of 

microorganisms that contribute to soil fertility. As such, fertile soil is the very basis of sustainable food 

production and food security [67]. The relationship between soil fertility, plants and human and animal 

health can be described as [179]: 

… a soil teeming with healthy life in the shape of abundant microflora and microfauna will bear 

healthy plants and these, when consumed by animals and man, will confer health on animals and 

man. But an infertile soil, that is, one lacking in sufficient microbial, fungal and other life, will 

pass on some form of deficiency to the plant and such a plant, in turn, will pass on some form of 

deficiency to animals and man … 

As illustrated in Table 4, the biodiversity restoring concept is related to a number of solutions to a 

great many sustainability problems concerning food production. Positive effects on the soil diversity in 

terms of organic matter, on the diversity of species, on the genetic diversity of crop and livestock and 

on habitats is a direct consequence of biodiversity-restoring food production. Biodiversity-restoring 

food production is incompatible with the use of Genetically Modified Organisms (GMOs), whose basis 

is genetic uniformity combined with heavy inputs of chemical pesticides/fertilizers and water. The 

effects on climate change are indirect: biodiversity-restoring production eschews fossil fuel-based 

pesticides, refrains from deforestation and the prevalence of rotational and extensive grazing ensures 

carbon sequestration [46,176]. Biodiversity-restoring food production promotes food and water 

security, as it is based on poly-cropping and the use of retained soil moisture (one prerequisite for soil 

fertility). Production of a variety of crops increases local access to varied food, reduces poverty and 

advances rural development and cultural diversity [55,88]. Water security is promoted, as farming 

methods refraining from chemical pesticides reduce water use. The hybrid seeds (i.e., high responsive 

varieties), typical of monocultures, are designed to produce food when provided with high inputs of 

chemicals and water. Biodiversity-restoring food production has effects on protein efficiency, as less 

energy (i.e., no chemical pesticides) is consumed to produce one calorie of food. Effects on animal 

welfare are related to a greater diversity of livestock and fish based on breeds adapted to local 

conditions and resistant to disease.  

7.2. Sustainable Food Production is Resource Efficient 

Resource-efficient food production promotes an efficient ratio between inputs of energy and water 

and output of calories/protein. The role of energy, nutrients and water illustrates possibilities for input 

substitution [179]: 

Mother earth never attempts to farm without live stock; she always raises mixed crops; great 

pains are taken to preserve the soil and to prevent erosion; the mixed vegetable and animal 

wastes are converted into humus; there is no waste; the processes of growth and the processes of 
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decay balance one another; the greatest care is taken to store the rainfall; both animal and plants 

are left to protect themselves against disease. 

Resource-efficient food production is both input efficient, dependent on no or few inputs, i.e., 

chemical fertilizers/pesticides and irrigation water and output efficient, i.e., producing the maximum 

number of calories per hectare. Thus, resource-efficient food production promotes the use of 

agricultural land to produce human food instead of animal feed. Effects on GHG emissions and climate 

are direct, as resource-efficient food production minimizes dependence on fossil fuel. Food and water 

security is promoted, as resource-efficient farming is mostly small scale and diverse (i.e., a farming 

practice suitable for energy, nutrients and water), enabling subsistence farming and ensuring water 

access as part of traditional/chemical-free farming methods. Such small-scale organic farming methods 

can increase yields in the developing country context, which is characterized by low water and 

fertilizer inputs [70]. If developed properly, yields from small-scale organic farms can equal those of 

conventional farms in developed countries [71]. Diverse small-scale farms reduce poverty as they 

guarantee food security and generate side incomes as surpluses are saleable on the local market. Such 

rural income and employment have positive effects on cultural diversity.  

By being biodiverse and chemical pesticide free, resource-efficient food production has positive 

effects on soil vitality, soil water and the diversity of plant and animal species and of habitats. 

Minimizing the ratio between inputs of energy and water and output of calories/protein, as is 

characteristic of resource-efficient food production, improves protein efficiency, since it promotes the 

growing of food for direct human consumption rather than of feed for animals. Resource-efficient food 

production improves animal welfare as well: as resource-efficient food production limits industrial 

high-intensive livestock farming, the negative animal welfare impacts stemming from industrial 

breeding and farming methods will be lessened. 

7.3. Sustainable Food Production is Locally Adapted 

Locally adapted food production is based on the plant species and varieties as well as farming 

practices that have evolved in local climates and under local conditions. As such, locally adapted food 

production ensures biodiversity in all its aspects. The localization of food production affects climate, 

as the use of chemical inputs is replaced with traditional farming methods. Food and water security is 

promoted as locally adapted seed and livestock are more disease resistant, increasing resilience and 

mitigating climate change. The predominance of small-scale locally adapted farms ameliorates poverty 

and promotes cultural diversity. Using traditional chemical-free food production methods positively 

affects yields and resilience and surpluses generate side-income from small-scale farming. The animal 

welfare impacts of locally adapted food production are related to the use of livestock breeds adapted to 

local conditions and the promotion of natural behavior, both of which improve health and  

disease resistance. 

7.4. Sustainable Food Production is Welfare and Rights Restoring 

Welfare- and rights-restoring food production promotes human and animal rights. Human rights in 

terms of access to food and water are secured, in a developing country context, by predominantly 
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small-scale chemical-free subsistence-based farms serving local/regional markets. Such food 

production promotes biodiversity and cultural diversity, reduces GHG emissions, increases health and 

animal welfare and reduces poverty levels. 

Animal rights are promoted, as industrial animal/fish farming is incompatible with animal welfare. 

Negative health effects due to industrial breeding, feeding cereals to grazing animals and high-density 

confinement indoors or in suspended cages (in the case of fish) are connected to an agri-industrial 

model of producing protein food. Restoring animal rights when producing animal/fish protein for 

human consumption will entail reductions in the amount of animal/fish protein in human diets. 

8. Conclusions 

This article addresses the question of how sustainably produced food can be described in order to 

promote the consumption of such food. Communication to promote sustainable food production and 

consumption as proposed by the conceptualization presented here challenge our understanding of food 

production. The institutionalized features of the market regarding (1) “organic” food production as 

always necessarily a better option than its conventional counterpart and (2) deeply-rooted convictions 

regarding the benefits of globalization are challenged by the suggested conceptualization. The concepts 

suggested as descriptors of sustainable food production to some extent discredit large-scale organic 

export-oriented food production based on mono-cropping, a system described as pseudo-organic or 

“big organic” [46,67]. The concepts of biodiversity restoration, resource efficiency, local adaptation 

and welfare and rights restoration characterize food production practice that is predominantly 

local/regional, small scale and poly-cultural, i.e., designed to cycle energy and nutrients and thus not 

dependent on inputs such as fertilizers and animal feed. Note that the wording of the suggested 

concepts is future-directed, indicating that we need to move in the direction of a food provision system 

that is largely based on small-scale bio-diverse family farms producing food for subsistence and/or the 

local market. Thus, the scope of the suggested concepts allows room for biodiversity-restoring, 

resource-efficient, locally adapted and welfare- and rights-restoring large-scale organic and fair-trade 

production of commodities that can only be produced in certain parts of the world. These commodities 

include tropical produce, such as sugarcane, bananas, coffee and cocoa. The concepts used to describe 

sustainably produced food provide strict guidelines for such food production, as it must not only 

restore biodiversity even in large-scale operations, but also contribute to food security and rural 

development and be based on the cycling of energy and nutrients. 

The suggested concepts question the benefits of the present globalized food provision system in 

terms of the efficiency and distribution of calories it produces (i.e., food security). Large-scale  

export-oriented food production is input-inefficient due to dependence on fossil fuels in the form of 

chemical fertilizers and pesticides combined with high water usage.  

The theoretical implications of this study concern how the proposed conceptualization and the 

understanding of advocated, sustainably produced food relates to other instruments designed for the 

promotion of sustainable food, such as eco-labeling and to structural conditions, such as the food 

provisioning system. The relationship between the proposed conceptualization of sustainable food and 

current eco-labeling schemes is complementary and yet contradictory. Consumer responses to  

eco-labels are described as; “paying attention to and understanding the new label depends on both 



Sustainability 2012, 4 330 

 

 

consumer motivation and issue-relevant knowledge” ([1], p. 1802). Thus, educating consumers about 

sustainability issues and solutions connected to food production would increase their propensity to 

adopt eco-labels as a search-and-choice indicator in a supermarket setting. In this sense, the 

conceptualization of sustainable food proposed here would complement eco-labeling, as the concepts 

are designed to enhance consumer knowledge of food-related issues as well as their motivation 

through proposed sustainable solutions. In terms of consumers making sense of sustainable food as the 

negotiating of different perspectives, the suggested concepts can be considered as facilitators in the 

process of making sense of sustainable food production. 

The proposed conceptualization renders transparent a number of conflicting interests regarding 

access to resources, the benefits of a global food system, how to define and organize organic food 

production and animal/human welfare. It is beyond the scope of this article to deal with the many 

conflicting goals that emerge when contrasting food eco-labels with the proposed conceptualization. 

However, conflict could arise concerning the kinds of food products deemed acceptable for  

eco-labeling schemes. Industrially produced meat (based on inputs of animal feed and housed indoors) 

and glasshouse-grown tomatoes in Northern Europe (where sunlight is scarce) exemplify products that, 

though labeled organic, cannot be considered sustainably produced according to the conceptualization 

proposed here. Another area of conflict between the proposed conceptualization of sustainably 

produced food and labeling schemes relates to global sourcing and food miles. Given the coherence in 

the literature concerning small-scale agricultural practice as the most efficient way out of poverty, 

hunger and cultural homogeneity in the South (as reflected in the wording of the concepts describing 

sustainably produced food), it is doubtful that long-distance transported food, whether eco-labeled or 

fair-trade-labeled, will contribute to sustainable food production in the long run. The transformative 

potential of within-market certification-based labeling schemes is contradictory [180]. Empirical 

evidence indicates several dilemmas that must be dealt with, as “the inclusion of marginalized producers 

and the production of mainstream quality products are organizational tasks which cannot be realized 

simultaneously because they contradict each other” ([180], p. 121). The example of fair trade banana 

exports subordinating social to quality goals indicates that the global sourcing of sustainably labeled 

products does not possess the transformative potential needed to change food production and 

consumption practice [180]. 

The conceptualization of sustainable food production suggested here can be used by policy makers 

and businesses to educate citizens and consumers about food production and sustainable development, 

as well as encourage changes in food consumption practice. The conceptualization can serve as a basis 

for communicating with food consumers in a way that nurtures their sense of change mastery and 

sense of belonging, as suggested by self-determination theory [3,23]. However, as stated by numerous 

consumer policy researchers, consumers alone cannot effect change. The structures of the food supply 

system, in terms of sourcing, supply and price, in many respects define and circumscribe consumer 

practice and the possibility to change consumer practice through marketing based activities [3,4]. 

Future research in this area will find challenges in investigating how, in an experimental or real-world 

context, the proposed concepts affect consumers’ sense-making in relation to sustainable food. Also, 

research is needed to describe the different options regarding how concepts are presented, e.g., in-store 

vs. out-of-store information, product/product-group related or generic information, company-specific 

or industry-generated and the effects on consumers’ understanding of sustainable food. Future research 
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to investigate the relationship between consumers’ perception of price and their understanding of 

sustainable food will help us understand the economic rationales for consuming food. Such an 

understanding, of the balance between price and understanding of sustainable food production, from a 

consumer perspective could offer numerous possibilities of marketing sustainable food. 
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