
 

From disagreements to dialogue
Kettenburg, Annika J.; Hanspach, Jan; Abson, David J.; Fischer, Joern

Published in:
Sustainability Science

DOI:
10.1007/s11625-018-0577-y

Publication date:
2018

Document Version
Publisher's PDF, also known as Version of record

Link to publication

Citation for pulished version (APA):
Kettenburg, A. J., Hanspach, J., Abson, D. J., & Fischer, J. (2018). From disagreements to dialogue: unpacking
the Golden Rice debate. Sustainability Science, 13(5), 1469-1482. https://doi.org/10.1007/s11625-018-0577-y

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 04. Dez.. 2025

https://doi.org/10.1007/s11625-018-0577-y
http://fox.leuphana.de/portal/en/publications/from-disagreements-to-dialogue(4c6a4181-53b5-4665-95a6-ccba7cbac7ef).html
http://fox.leuphana.de/portal/de/persons/jan-hanspach(4870e7cc-863c-49ea-a179-fc50c4579c21).html
http://fox.leuphana.de/portal/de/persons/david-abson(9d1d9068-ad93-49a2-9e7f-535f3560ba4a).html
http://fox.leuphana.de/portal/de/persons/joern-fischer(9077d4ee-1da9-4c2a-b313-b9cb61368e4c).html
http://fox.leuphana.de/portal/de/publications/from-disagreements-to-dialogue(4c6a4181-53b5-4665-95a6-ccba7cbac7ef).html
http://fox.leuphana.de/portal/de/publications/from-disagreements-to-dialogue(4c6a4181-53b5-4665-95a6-ccba7cbac7ef).html
http://fox.leuphana.de/portal/de/journals/sustainability-science(528568d1-2565-4a44-be39-f20469cea96b)/publications.html
https://doi.org/10.1007/s11625-018-0577-y


Vol.:(0123456789)1 3

Sustainability Science (2018) 13:1469–1482 
https://doi.org/10.1007/s11625-018-0577-y

REVIEW ARTICLE

From disagreements to dialogue: unpacking the Golden Rice debate

Annika J. Kettenburg1,2 · Jan Hanspach1 · David J. Abson1 · Joern Fischer1

Received: 20 May 2017 / Accepted: 4 May 2018 / Published online: 17 May 2018 
© The Author(s) 2018

Abstract
Transgenic Golden Rice has been hailed as a practical solution to vitamin A deficiency, but has also been heavily criticized. 
To facilitate a balanced view on this polarized debate, we investigated existing arguments for and against Golden Rice from a 
sustainability science perspective. In a structured literature review of peer-reviewed publications on Golden Rice, we assessed 
to what extent 64 articles addressed 70 questions covering different aspects of sustainability. Using cluster analysis, we 
grouped the literature into two major branches, containing two clusters each. These clusters differed in the range and nature 
of the sustainability aspects addressed, disciplinary affiliation and overall evaluation of Golden Rice. The ‘biotechnological’ 
branch (clusters: ‘technical effectiveness’ and ‘advocacy’) was dominated by the natural sciences, focused on biophysi-
cal plant-consumer interactions, and evaluated Golden Rice positively. In contrast, the ‘socio-systemic’ branch (clusters: 
‘economic efficiency’ and ‘equity and holism’) was primarily comprised of social sciences, addressed a wider variety of 
sustainability aspects including participation, equity, ethics and biodiversity, and more often pointed to the shortcomings 
of Golden Rice. There were little to no integration efforts between the two branches, and highly polarized positions arose 
in the clusters on ‘advocacy’ and ‘equity and holism’. To explore this divide, we investigated the influences of disciplinary 
affiliations and personal values on the respective problem framings. We conclude that to move beyond a polarized debate, 
it may be fruitful to ground the Golden Rice discourse in facets and methods of sustainability science, with an emphasis on 
participation and integration of diverging interests.

Keywords  Cluster analysis · Disciplinary divide · Food security · Genetically modified crops · Problem framing · 
Sustainability science

Introduction

Sustainability is a contested and highly normative concept 
(Dobson 1999; Christen and Schmidt 2012). The solution-
oriented field of sustainability science (Miller et al. 2014) 
has to address both the normative goals of sustainability 

itself and the, often implicit, assumptions that underpin dif-
ferent scientific traditions (Schumpeter 1954; Funtowicz and 
Ravetz 1993; Lélé and Norgaard 2005). Such normativity, 
especially when not explicitly addressed, often leads to con-
flicting, even polarized, discourses regarding what represents 
an appropriate intervention for a given sustainability prob-
lem. For example, polarized narratives in research address-
ing the intersecting goals of food security and biodiversity 
conservation are driven by the underpinning conceptual-
ization of the problem as either technical or socio-political 
(Loos et al. 2014; Glamann et al. 2015). Similarly, the nar-
rative explaining food insecurity as a result of insufficient 
production and population growth contrasts with explana-
tions based on unequal distribution of social power as well 
as economic and physical resources (Sen 1981; Legwegoh 
and Fraser 2015). In the agricultural biosciences, calls for 
gene patenting, corporate funding of public institutions and 
public–private partnerships conflict with arguments that 
seeds should be regarded as public goods (Scoones 2002; 
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Stone 2015). Such polarization presents serious challenges 
for sustainability science, not simply in terms of conflicting 
policy prescriptions, but also in the perceived legitimacy of 
the science itself (Bäckstrand 2003).

In this paper we use the example of the scientific dis-
course around “Golden Rice”—itself a microcosm of the 
broader debate surrounding the role of genetically modi-
fied organisms (GMOs) in agricultural sustainability—as 
a particularly emotive example of a polarized discourse in 
sustainability science. Through a systematic, quantitative 
(cluster) analysis of the scientific literature, we classify and 
describe the polarized positions within the Golden Rice 
debate. By viewing this discourse through an explicit sus-
tainability lens we seek to shed light on the role of problem 
framing in shaping the Golden Rice discourse, and sug-
gest ways of shifting from such polarized debates towards 
more constructive dialogues. In particular, we highlight 
the importance of understanding and acknowledging the 
sources of such polarization, to move beyond ‘siloed’ disa-
greements towards shared understandings and meaningful 
solutions.

The severity of conflicts around the use of GMOs in agri-
culture has been likened to that of a war (Lang and Heasman 
2004; Waltz 2009; Stone 2015). Proponents see in geneti-
cally modified (GM) crops powerful tools to increase yields 
(Carpenter 2010), improve crop quality, decrease pesticide 
use (Christou et al. 2006), fight micronutrient deficien-
cies, adapt plants to climate change and facilitate economic 
growth (Phillips 2002). Opponents voice doubts over the 
long-term effectiveness of genetically modified crops in face 
of accelerated formation of resistances to glyphosate (Gil-
bert 2013) and to Bt toxins (Tabashnik et al. 2013), over the 
nutritional equality to non-GM crops (Bøhn et al. 2014), 
and even over their adequateness as food and feed (Séralini 
et al. 2014). Some call into question genetic engineering’s 
theoretical foundation on reductionist models that disre-
gards insights from systems biology (e.g., McAfee 2003; 
Perret and Longo 2016). Often these GMO specific issues 
are entangled with political concerns regarding the role of 
GMOs in reinforcing corporate power (Walters 2005), or the 
promotion of monocultures and homogenization of diets and 
landscapes (Scrinis 2007).

The case of Golden Rice exemplifies many of the con-
flicts surrounding GMOs as a potentially sustainable solu-
tion for issues ranging from food security to biodiversity 
conservation. Golden Rice is a genetically modified cultivar 
that synthesizes beta-carotene, which in turn is metabolized 
into vitamin A in the human body. Some communities in the 
Global South show high rates of xerophthalmia, the clini-
cal manifestation of vitamin A deficiency (Thylefors et al. 
1995). Xerophthalmia leads to corneal ulceration and ulti-
mately blindness. An estimated 250,000–500,000 vitamin 
A-deficient children became blind every year in the period 

1995–2005, half of them dying within 12 months of losing 
their sight (WHO 2017). However, data are largely outdated; 
only 27 countries reported estimates since 2006 (Wirth et al. 
2017). Vulnerability to xerophthalmia depends on a num-
ber of factors including eating habits such as a varied diet 
accompanied by fats, social determinants such as poverty or 
lack of education, health conditions such as parasitic infes-
tations, and access, influenced by seasonality of vitamin A 
rich vegetables/fruits, land entitlements, and crisis such as 
famine or flight (Egana 2003; Oyunga et al. 2016). Cur-
rent strategies to address vitamin A deficiency include sup-
plementation, (bio-)fortification and dietary diversification 
(Ruel 2001; WHO 2017).

Golden Rice was developed by Potrykus and Beyer in 
Zürich and Freiburg during the 1990s in response to a call 
from the Rockefeller Foundation for a plant breeding solu-
tion to vitamin A deficiency. This work resulted in the first 
novel rice variety, which contained 1.6 µg/g carotenoids in 
the endosperm. The second generation of Golden Rice, cre-
ated in partnership with Syngenta, contains up to 37 µg/g 
carotenoids, sufficient to fulfil half of daily vitamin A 
requirements with 60 g of uncooked rice (Paine et al. 2005).1 
Syngenta agreed on free licenses for famers in the Global 
South with incomes less than $10,000 annually. These farm-
ers may reseed Golden Rice after every harvest. Currently, 
Golden Rice is still under development, with the intention 
that once all safety assessments are completed and it is 
approved by national regulators, it will be distributed accom-
panied by information campaigns (Potrykus 2001; Mayer 
and Potrykus 2011; Zeigler 2014).

Golden Rice promises a positive impact on human health 
while ensuring economic independence of smallholder 
farmers from large agri-business. Nevertheless divergent 
views regarding the benefits and sustainability of Golden 
Rice persist (e.g., Small 2014). Here, we present a system-
atic, quantitative assessment of the narratives in the peer-
reviewed discourse on Golden Rice. Our objectives were 
to (1) identify and characterize narrative-based groups of 
articles on Golden Rice, (2) point out the scope of themes 
relevant to sustainability addressed by each group, and (3) 
propose explanations for the revealed patterns. Drawing 
on this, we provide ideas to facilitate a more fruitful dia-
logue within and beyond the scientific community regarding 
Golden Rice. Although our case study is specifically on 
Golden Rice, our approach to understanding and resolving 
this contentious scientific debate may also help to inform 
the analysis of other polarized discourses on pathways to 
sustainability.

1  In comparison, raw sweet potato contains 85.1 µg/g beta-carotene 
(USDA 2016). It is the only of the 10 most produced staple crops 
exceeding second generation Golden Rice (FAOSTAT 2016).
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Methods

Literature selection

We conducted a literature review in Scopus of English lan-
guage, peer-reviewed articles and book chapters using the 
keyword “Golden Rice” in title–abs–key in July 2016. An 
article was included in the analysis if it met the following 
criteria. Criterion one: Golden Rice was discussed as both 
a biotechnological project and a health intervention, either 
as the focus of the paper or within a broader framing. Just 
mentioning Golden Rice as an illustrative example led to 
exclusion [e.g., in Weil (2005) “Are genetically modified 
plants useful and safe?”]. Criterion two: articles focusing 
on biophysical and technical matters only were excluded 
(e.g., Al-Babili et al. 2006). Criterion three: the article 
addressed three or more questions of our coding protocol. 
This minimum level was set to guarantee the validity of 
quantitative results. In contrast to the first two criteria, 
criterion three was applied after coding of the article.

Identification of sustainability themes

Our intention was to offer a sustainability perspective on 
the Golden Rice debate: which sustainability themes do 
the different strands of Golden Rice literature address? 
We defined sustainability as an ideal of human well-being 
within planetary boundaries across generations (Gibson 
2006; Rockström et al. 2009). To operationalize this defi-
nition, we identified 16 themes, which, arguably, ought to 
be considered in discussions about Golden Rice from a sus-
tainability perspective (Table 1). In a second step, we used 
an inductive approach to identify specific questions (sub-
themes) under each sustainability theme that emerged from 
the reviewed articles. A grounded theory-based, inductive 
formulation and adjustment of questions during the coding 
process (Corbin and Strauss 1990) provided a higher the-
matic coverage of sustainability sub-themes, adding new 
questions and dismissing unaddressed ones. The final cod-
ing protocol resulted in 70 questions/sub-themes (Table S1 
in the supplementary material). Those 70 sub-themes were 
coded for text analysis in MAXQDA 12 (VERBI Software 
2016).

We summarized the coding results quantitatively in a 
table. A paper scored 0 if it did not address a question at 
all and 1 if it addressed it. The intention of this quantitative 
coding was to differentiate alternative discourses related to 
the 16 key sustainability themes (Table 1) and the related 70 
sub-themes (supplementary materials).

Data analysis

After coding we used agglomerative hierarchical cluster 
analysis, a method commonly employed to recognize sub-
sets in multivariate data. Agglomerative clustering begins 
with discontinuous single objects (i.e., articles) and groups 
these into ever larger clusters. Euclidean distance was cho-
sen as an association measure for the clusters due to our 
homogeneous scale, the limited number of double zeros in 
pairwise comparisons (i.e., no answers) and the clear inter-
pretation of the resulting patterns. We employed Ward’s 
minimum variance method for grouping. It minimizes the 
within-cluster sum of squared errors, that is the sum of 
the squared distances among cluster members divided by 
the number of articles per cluster, thereby usually produc-
ing clear and evenly sized clusters (Borcard et al. 2011). 
Importantly, cluster analysis is an exploratory method 
that is able to uncover (dis-)similarities between papers 
and thus to empirically show different schools of thought 
in the assessed literature. Therefore, unlike in the use of 
inferential statistics the potential lack of independence of 
data points (e.g., papers written by the same authors are 
not independent) does not invalidate or bias our analysis. 
Results of the cluster analysis were visualized in a dendro-
gram. Furthermore, we conducted an indicator analysis that 
listed the questions of central importance for each clus-
ter, facilitating cluster characterization and differentiation 
(Dufrene and Legendre 1997). Analyses were performed in 
R Version 3.3.2 (R Core Team 2016).

Results

The literature search returned 98 articles (after removing 
duplicates, non-peer-reviewed and inaccessible publica-
tions), of those 64 passed our inclusion criteria. Of the 34 
excluded articles, 56% focused on a different topic (criterion 
one), 29% were entirely biochemical or technical (criterion 
two) and 15% addressed two or less questions (criterion 
three). Of the 64 reviewed articles most were authored by 
plant scientists including biologists and chemists (44%), 
followed by social scientists (25%) and economists2 (19%; 
Table 2). Forty-two percent of the articles were authored 
by members of the Golden Rice Humanitarian Board and 
affiliated research institutes, or by employees of Syngenta 
or Monsanto. Seventy-seven percent of all articles were 
in favour of Golden Rice whereas 14% voiced doubts or 
opposed it, and 9% abstained from judgement. Evaluation 

2  Because economists tend to have a very specific approach to the 
normative issues addressed here, we classified them separately from 
other social scientists.
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Table 1   Description of the sustainability ‘themes’ and their relevance for the Golden Rice discourse

Theme Foundation from sustainability science

Participation Participation of people/groups/institutions affected by and affecting vitamin A deficiency increases 
the legitimacy of the research process and provides opportunities for mutual learning. Exchange and 
cooperation among actors are keys to societal changes that confront deep causes of unsustainability 
(Fischer et al. 2012; Lang et al. 2012; Reed et al. 2016). Is the picture of vitamin A deficiency and its 
causes drawn with help of local voices, were they included in the intervention design or knowledge 
creation process (Chambers 1995)?

Local culture Influences on the acceptance of Golden Rice, such as the cultural value of white rice, traditions of how 
to feed children and openness to innovations, shape the likelihood of its success (Jolivet and Maurice 
2006; Thurber and Fahey 2009). Furthermore, the intercultural gap between scientists and local com-
munities has caused failure of projects in the past (Trickett 2011; Minasyan 2015)

Health and well-being Do authors have a clear understanding of the predictors of vitamin A deficiency, enabling them to posi-
tion technical strategies within a broader range of possible interventions (Ruel 2001; Oyunga et al. 
2016)? Do they acknowledge the frequent co-occurrence of multiple deprivations and their reinforc-
ing interrelations (Black et al. 2003; Olsson et al. 2014)?

Dignity and human rights Are people suffering from Vitamin A deficiency recognized as autonomous individuals with rights to 
and control over their food system, as advocated by the food sovereignty movement (Wittman 2009; 
Perfecto et al. 2009)?

Equity and empowerment Health and life quality are, among others, related to socio-economic status, gender and race; therefore, 
a comprehensive health strategy must also aim at reducing inequality and seeking social justice (Ols-
son et al. 2014). This includes empowerment through education and capacity building, especially of 
women and children. In addition, making an informed choice on Golden Rice requires not only bal-
anced information, but also the capacity to evaluate it critically (Valente et al. 1998; Kent 2005)

Actors, resources and power To determine who will profit to what extent from Golden Rice, actor constellations and their resources 
must be understood, followed by an investigation of how Golden Rice might act within and change 
these relations and resource pools (Babcock and Francis 2000; Cloke 2013)

Governance and institutions Formal and informal institutions determine people’s nutrition via cultural habits, supply chains and 
global trade mechanisms such as liberalization, protectionism, and food speculation (Cannon 2002). 
Do articles address good governance, which presents an opportunity for mediating power disparities 
(Sayer et al. 2014)?

Climate change Irrigated rice agriculture accounts for a variable but significant amount of methane emissions (Mosier 
et al. 2001). At the same time, Golden Rice fields and farming will be subject to considerable climate 
variations, which pose the risk of food shortages (Patz et al. 2005; Dixon et al. 2009)

Water and soil conservation What impact will Golden Rice have on abiotic components of the ecosystem? Will it need fertilizer, 
pesticides and irrigation? Designing a new rice variety offers a chance to address the disturbance of 
nitrogen and phosphorus cycles and scarcity of drinking water (IAASTD 2009)

Biodiversity Like prior green revolution rice varieties, Golden Rice is likely to be cultivated in monocultures. This 
implies adverse effects on local ecosystems like a loss of biodiversity (Stone and Glover 2016). 
Biodiversity has a potential to function as win-win-situation, improving both ecosystem and human 
health through sustainable farming methods such as agroecology (Sayer et al. 2013; Fischer et al. 
2017)

Resilience and risks Acknowledging unclear dynamics of systems, both in short and long terms, acts against reductionism 
and promotes diversified strategies to buffer partial failure (Walker et al. 2004; Janssen et al. 2007). 
How will Golden Rice act on a biophysical level, within a social system or when confronted with 
disturbance? Are uncertainties made transparent?

Holism and systems thinking The rollout of Golden Rice might enforce certain developments through positive feedback or create 
lock-ins, e.g., by influencing the GM crops market and regulation schemes (Ericksen 2008; Vanlo-
queren and Baret 2009; Cairns 2014). Referring to system archetypes, Golden Rice might be charac-
terized by a ‘shifting the burden’ model, a quick fix yielding good results and reducing the perceived 
urgency to change underlying poverty and environmental degradation in the long-term (Banson et al. 
2016). Apart from serving as an ontological concept, systems thinking functions as epistemological 
lens to perceive interconnectedness, synergies and cross-scale-dynamics (Abson et al. 2016)

Cost-utility-analysis Are costs and efficiency of Golden Rice compared to other measures against VAD? A comprehensive 
evaluation of Golden Rice and its alternatives would need to consider opportunity costs, external 
effects and whole life cycles in monetary and non-monetary terms (Cohen and Winn 2007)

Achievability and realization prospects Are information and distribution strategies thought of in detail? One characteristic of rural low income 
people is the difficult accessibility of their homes, often accompanied by minimal access to media. 
Further to consider are e.g., the provision of human and financial resources, institutional support, 
possible value discrepancies and the design of monitoring programs (Sayer et al. 2014)
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of Golden Rice (Table 2) ranged from outright rejection 
(opposing), through pointing to serious concerns (doubtful), 
arguing that there is insufficient data to draw conclusions 
(cautious), ascribing great potential to Golden Rice if con-
founding factors can be overcome (optimistic), to arguing 
for the immediate use of Golden Rice to avoid preventable 
deaths (passionate). The first paper was published in 2001 
and numbers of publications per year were relatively steady 
(mean 4, SD 2.2).

Cluster analysis led to two major branches containing 
two clusters each (Fig. 1). The clusters differed signifi-
cantly among each other not only in the range of sustain-
ability sub-themes addressed (Table 3), but also in their 

subjective evaluations of Golden Rice. Moreover, there 
was a clear disciplinary divide between the clusters. The 
clusters were named to reflect their thematic focus: the 
biotechnological branch consisted of clusters on ‘techni-
cal effectiveness’ and ‘advocacy’, whereas the socio-sys-
temic branch included clusters on ‘economic efficiency’ 
and ‘equity and holism’. In the following, we describe the 
branches and clusters in detail (see Table S2 for illustrative 
quotes and Table S3 for a list of each cluster’s articles in 
the supplementary material). Here, it is important to note 
that neither the cluster names, nor the following detailed 
descriptions perfectly capture the approaches or emphasis 
of every article in a given cluster. Rather, they provide gen-
eral characteristics of the different sustainability-focused 
narratives that have emerged within the scientific literature 
on Golden Rice.

Biotechnological branch (n = 40)

Articles in the biotechnological branch (n = 40) were pre-
dominantly authored by plant scientists (65%) and econo-
mists (15%); only one paper was written by a social scientist. 
All held a positive attitude towards Golden Rice, except one 
with a narrow focus on the potential dangers of beta-carotene 
engineered plants (Schubert 2008). The overall approach of 
articles in this branch was to present Golden Rice as an engi-
neering solution to vitamin A deficiency and to argue for 
broad scale usage of Golden Rice based on measurements 
of its efficacy in producing beta-carotene. Within the bio-
technological branch there were distinct clusters of articles 
focusing on ‘technical effectiveness’ (red cluster; Fig. 1) and 
‘advocacy’ (black cluster; Fig. 1).

Technical effectiveness (n = 23)

“Another exciting field of modern plant biotechnology 
is represented by the enhancement of crop nutritional 
properties through genetic modification [ref.]. There 

Table 1   (continued)

Theme Foundation from sustainability science

Values and transparency Do authors make normative judgements, e.g., on the precautionary principle? Are values made 
transparent when formulating recommendations and evaluating risks, as well as when framing the 
problem and designing the research agenda? Transparency and self-disclosure are keys to provide 
good science (Staddon 2001; Devos et al. 2014)

Philosophy and reflection Is the role of science and technology in solving complex societal problems addressed? Such considera-
tion helps to determine the chances and limitations of Golden Rice and to understand the philosophi-
cal base Golden Rice is embedded in – an opportunity for deeper reflection about our society and the 
causes for unsustainability (Vanloqueren and Baret 2009; Scott 2011; Garnett 2013)

These themes formed the basis for the selection of the 70 sub-themes used in the coding protocol (Table S1 in supplementary material)

Table 2   Information on message, discipline, affiliation and origin of 
selected articles (n = 64)

Total %

Message
 Optimistic 32 50
 Passionate 17 27
 Doubtful/cautious 8 12
 Opposing 5 8
 Neutral 2 3

Discipline
 Plant science 28 44
 Social science 16 25
 Economics 12 19
 Interdisciplinary 6 9
 Others 2 3

Affiliation
 Not part of GR board 39 61
 Members of GR board 21 33
 Corporate 4 6

Origin
 Global North 54 85
 Mixed team 6 9
 Global South 4 6
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are multiple nutritional advances underway and this 
review focuses on two representative examples that 
illustrate the potential impact of this technology.” 
(Schwember 2008)

As in this quote, articles primarily focused on Golden 
Rice as an exciting achievement in the reduction of vitamin 
A deficiency through genetic engineering. Topics addressed 
in these articles included general overviews of biofortifica-
tion or GM crops (nine articles), narrow foci on biotechni-
cal processes and resulting effectiveness (six articles), the 
management of the Golden Rice project itself (five articles) 
and economic valuation methods for assessing the benefits 
of GMOs (three articles). Indicator analysis did not result in 
any predictive sustainability sub-themes within the cluster 
(no significant indicator values; Table 3). Articles in this 
cluster generally stated the effectiveness of Golden Rice in 
regard to the target of producing beta-carotene in the rice 
endosperm and concluded it would increase the vitamin A 
status of populations at risk. Considerations of issues such as 
changes of diets, livelihood strategies or politics were rare.

Advocacy (n = 17)

“The consequence [of GMO opposition]: millions of 
avoidable blind and dead children. The author con-

siders those who are responsible for this avoidable 
suffering of many innocent children (and mothers at 
childbirth) a crime to humanity […]. There is a wealth 
of scientific information and broad consensus that 
GMO-technology is at least as safe as any other tech-
nology involved in any context with our food or our 
environment […]. Our ‘enlightenment’ and science-
based successful European culture is on the verge of 
being replaced by unreason-based failure and lack of 
culture.” (Potrykus 2013)

As the quote reveals, the tone in this cluster was often 
extremely emotive, including one author who called the 
delay of Golden Rice’s implementation a “silent holo-
caust” (Chassy 2010: 543). This cluster focused on the 
consequences of regulation GM crops and delayed release 
of Golden Rice. The unconditional safety of Golden Rice 
was often stated, invocations of the precautionary princi-
ple—that, in the absence of scientific consensus, there is 
burden of proof for proponents of new products or poli-
cies to show that such products or policies are not harmful 
to humans or the environment (O’Riordan 1994)—were 
argued as unjustified, and the behaviour of those opposed 
to agricultural GMOs often framed as irrational. Articles 
argued for Golden Rice’s implementation with reference 
to preventable deaths, while not mentioning any concerns 

Fig. 1   Cluster analysis demonstrated two major branches of research 
on Golden Rice, each consisting of two clusters—a biotechni-
cal branch (red ‘technical effectiveness’, black ‘advocacy’) versus a 

socio-systemic branch (blue ‘economic efficiency’ and green ‘equity 
and holism’). For full citations see Table  S3 in the supplementary 
material
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related to Golden Rice. The prevailing argumentation built 
upon the notion of a consensus on Golden Rice’s effective-
ness and the absence of any GMO-related risks. The sub-
theme ‘message: passionate’ was strongly associated with 
this cluster in the indicator analysis (indicator value 0.90; 
Table 3).

Ten articles within this cluster were authored by mem-
bers of the Golden Rice Humanitarian Board, one by an 
employee of Monsanto and three other authors have in the 
past written articles on Golden Rice with members of the 

Table 3   Indicator analysis demonstrated which aspects constituted the character of a certain cluster (no values for the ‘technical effectiveness’ 
cluster)

For detailed information on each abbreviated indicator corresponding to one of our 70 sub-themes see Table S1 in the supplementary material

Economic efficiency Equity and holism Advocacy

Indicator Indicator value p val Indicator Indicator value p val Indicator Indicator value p val

Message: optimistic 0.50 0.001 Culture: needs 
analysis

0.59 0.001 Message: passionate 0.90 0.001

Project: marketing 
campaigns

0.47 0.001 Biodiversity: loss 0.57 0.001 Governance: over-
regulation

0.60 0.001

Cost-utility-analysis 0.39 0.006 Systems thinking and 
holism

0.55 0.001 Governance: regul. are 
hurdles

0.54 0.001

Resilience: external 
influences

0.38 0.003 Values: biases of 
scientists

0.55 0.001 Resilience: risks are 
minimal

0.52 0.001

Culture: acceptance 0.37 0.002 Culture: context and 
habits

0.50 0.001 Power: GMO opposi-
tion

0.41 0.001

Power: CIGAR and 
Rockefeller

0.37 0.007 Equity: inequality 0.46 0.002 Values: against pre-
caut. principle

0.37 0.003

Culture: local data 
used

0.32 0.005 Philosophy: role of 
science

0.40 0.002 Resilience: irrational 
behavior

0.31 0.007

Message: opposing 0.36 0.003
Values: framework 

proposed
0.34 0.003

Power: corporations 0.34 0.014
Resilience: complex-

ity
0.33 0.010

Resilience: diverse 
strategy

0.32 0.022

Particip.: call for 
engagement

0.31 0.002

Resilience: risks are 
a concern

0.30 0.003

Philosophy: quick fix 0.29 0.008
Message: doubtful 0.29 0.001
Project: lack of details 0.29 0.004
Values: broad consid-

eration
0.28 0.008

Participation: local 
interests

0.25 0.016

Equity: empowerment 0.25 0.015
Governance: broad 

consid.
0.23 0.015

Equity: negative 
effects

0.21 0.008

Water and soil: altern. 
farming

0.21 0.012

Message: cautious 0.18 0.031
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board or Monsanto/ Syngenta (totalling in 14 out of 17 
articles).3

Socio‑systemic branch (n = 24)

In comparison to the biotechnological branch, the socio-
systemic branch focused less on technical achievements than 
on the socio-political components/contexts of food systems 
and vitamin A deficiency. The authors were social scientists 
(14 articles), economists (6 articles), biologists (2 articles) 
and interdisciplinary teams (2 articles). Within the branch 
there were two clusters: ‘economic efficiency’ (blue cluster; 
Fig. 1) and ‘equity and holism’ (green cluster; Fig. 1).

Economic efficiency (n = 10)

“We develop a methodology for comprehensive ex 
ante evaluation […]. We use a truly interdisciplinary 
approach, integrating epidemiological and nutrition 
details, as well as socioeconomic and policy factors. 
In particular, we determine the current public disease 
burden of VAD in a country with an important rice-
eating population, and simulate to what extent this 
burden could be reduced through GR […]. Finally, 
we assess the cost-effectiveness of GR…” (Stein et al. 
2008)

The commonality of the ‘economic efficiency’ clus-
ter was the focus on cost-benefit calculations, taking into 
account a wide range of variables, including political and 
cultural influences. Sixty percent of the articles we authored 
by economists. Moreover, the significance of sub-themes 
such as ‘acceptance’ and ‘marketing campaigns’ (Table 3) 
demonstrated a consumer oriented perspective. In compari-
son to the clusters in the biotechnological branch, articles 
in this cluster used multi-factor models in their assessment 
of Golden Rice and were more likely to consider alterna-
tive interventions for addressing vitamin A deficiency (e.g., 
Zimmermann and Qaim 2004; Stein et al. 2008). Articles 
tended to give a positive appraisal of Golden Rice, because 
it was said to be compatible with the current food system 
and, therefore, more realistic to implement than other 

interventions, especially due to its cost-effectiveness (e.g., 
Stein et al. 2008).

Equity and holism (n = 14)

“Addressing the most immediate and fundamental 
problems of food insecurity and undernutrition such 
as micronutrient deficiency, while essential, can 
only succeed in the long run by proceeding in bal-
ance with environmental, sociocultural, political, 
economic, behavioral and biomedical perspectives.” 
(Johns and Eyzaguirre 2007)

The ‘equity and holism’ cluster took into account a vari-
ety of themes such as participation, equity, biodiversity, 
water and soil conservation, resilience and system think-
ing, values and philosophy. The number of statistically 
significant sub-themes in the indicator analysis exceeded 
that of other clusters, demonstrating the diversity of the 
issues and topics that defined this cluster (Table 3). In 
contrast to other clusters, only one article was in favour of 
Golden Rice, ascribing it the potential to “play the positive 
role of technological fixes […]—providing policy-makers 
with more options and additional means for addressing 
social problems” (Scott 2011: 225). There was a particular 
focus on delineating and defining societal goals relating 
to or intersecting with the potential use of Golden Rice 
as an intervention for addressing vitamin A deficiency. In 
line with this prioritization of societal goals, most arti-
cles raised concerns over Golden Rice’s adequateness as 
solution to vitamin A deficiency (e.g., Lorch 2001; Nestle 
2001; Small 2014). Articles called into question Golden 
Rice’s ‘real world’ nutritious efficacy in relation to contex-
tual factors such as diet, the presence of other infectious 
diseases (Egana 2003) or storage losses (Stone and Glover 
2016). There was also consideration of environmental and 
social consequences of a continued reliance on ‘mega-
crops’ (Small 2014), the ‘placelessness’ of Golden Rice 
and a lack of transferability to local food systems (Stone 
and Glover 2016) as well as the disregard of indigenous 
knowledge (Johns and Eyzaguirre 2007). These concerns 
highlighted the need to consider complex preconditions or 
confounding factors in the successful use of Golden Rice 
as a mitigation strategy, rather than seeking to dismiss the 
benefits of Golden Rice itself.

Representation of sustainability themes

While the focus on sustainability themes and sub-
themes varied widely between clusters (Table 3), there 
were certain sub-themes that received less attention than 

3  Technically seen, Monsanto is not involved in the project, having 
donated patents for a gene that has already been replaced, yet Stone 
and Glover stated the company “has been eager to take credit for 
Golden Rice” (2016). Further authors ascribed Golden Rice a market-
ing value as it facilitates consumer acceptance and eventual market 
penetration of Syngenta and Monsanto (Nestle 2001; Brooks 2011). 
Thus, we conclude the Golden Rice Humanitarian Board and biotech 
corporations share the interest of bringing Golden Rice to the fields.
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others. Issues that were addressed in less than 15% of the 
reviewed articles (largely the socio-economic branch) con-
cerned: local interests, life quality, dignity, empowerment, 
autonomy, poverty alleviation, climate change, alterna-
tive farming methods, systems thinking, system dynamics 
across scales, details on Golden Rice’s distribution and on 
its monitoring, trade policies, governance and ethics. The 
least addressed issues such as dignity, food sovereignty, 
alternative farming methods and climate change (five, 
three, three and two mentions respectively) were largely 
absent across all four clusters.

Discussion

The conclusions to be drawn from our results are threefold: 
(1) the body of literature on Golden Rice can be grouped 
into clusters whose range of sustainability themes correlated 
with the articles’ evaluation of Golden Rice and the authors’ 
discipline; (2) the biotechnological branch represented the 
dominant narrative in terms of quantity of articles, yet 
lacked a focus on crucial sustainability themes; and (3) there 
was little integration or overlap between the thematic foci or 
broader perspectives of the two branches, and particularly 
polarized positions arose in the clusters on ‘advocacy’ (e.g., 
Potrykus 2013) and ‘equity and holism’ (e.g., Small 2014). 
Such polarized debates are useful for identifying the initial 
differences in visions, goals and values that shaped these 
discourses. However, it is vital to understand the sources of 
such disagreements to move beyond polarization towards 
dialogue and mutual benefit. To inform and facilitate this 
process, it is useful to consider what paradigms4 underpin 
the two branches of the literature, and their influences on 
respective problem framings and narratives surrounding 
Golden Rice.

Paradigms underpinning branches

The observed homogenous composition of either social 
or natural scientists (and their corresponding evaluations 
of Golden Rice) in each branch suggest the existence of a 
disciplinary dichotomy. This divide between scientific cul-
tures presents a major challenge to integration (Tress et al. 
2005), although it is not the only factor leading to polarized 
positions. For example, Legwegoh and Fraser (2015) argue 
opportunism and political economy have led to a similar 
case of diverging narratives in the context of the food secu-
rity discourse.

The biotechnological branch’s arguments are built on 
premises often shared by the natural science community. A 
core assumption is the existence of an objective reality that 
can be investigated, described and to a certain extent pre-
dicted based on generalized, reductionist theories (Becher 
1994; Moon and Blackman 2014). In the case of Golden 
Rice, this approach helps shape the observed focus on theo-
retical assessment of the effectiveness of plants in producing 
vitamin A from a purely biophysical perspective. Following 
positivist logic, the effectiveness in biophysical terms would 
translate into a successful mitigation of vitamin A deficiency 
in the ‘real world’. More profoundly, the idea of engineering 
a plant to contain beta-carotene might be traced to a fram-
ing of the problem that is characteristic to natural sciences. 
The nature of the problem, that is the cause of malnutrition, 
was perceived to be related directly to proximate biophysi-
cal factors (the lack of beta-carotene in rice plants), and not 
on less proximate factors such as poverty. This relatively 
narrowly framed problem definition naturally lends itself to 
a technical solution, and one aligned to the authors’ own 
expertise. In contrast, the existence of resource poor farmers 
was regarded as given and, therefore, not as target of scien-
tific efforts (Scott 2011). Such bounded scientific enquiry 
results in generic notions of effectiveness, suggesting univer-
sal applicability directed at “the poor” (e.g., Chassy 2010) as 
a homogenous group, in “developing countries” (e.g., Zim-
mermann and Qaim 2004)—an unspecified global space 
(Stone and Glover 2016).

In the socio-systemic branch the object of research shifted 
from the natural environment to human behaviour. Principles 
from the social sciences were applied, such as relativism and 
intersubjectivity (Moon and Blackman 2014), and informed 
a perception of the world as a multidimensional and inter-
connected system, whose variables cannot be understood in 
isolation (Loos et al. 2014). As result, the research centred 
on power and justice, systems thinking, participation and 
ethics within a specific place-based case, as typified by the 
‘equity and holism’ cluster (Fig. 1; Table 3).

The ‘economic efficiency’ cluster only partially fits within 
this characterization, because most economists carry a dis-
tinct set of assumptions, rooted in rationalistic-individualis-
tic, neoclassical, utilitarian paradigms (Becher and Trowler 
2001; Etzioni 2010). These assumptions tended to favour 
models for assessing Golden Rice’s cost-effectiveness based 
on explicit assumptions informed by the study of the causal 
links between systems components. Quantitative meth-
ods and generalized models prevailed in this branch. This 
focus on generalizable models, as legitimate approaches 
for addressing context dependent real world problems, pro-
vides a clear link with biotechnological branch of Golden 
Rice research, despite the considerable differences in the-
matic foci between the biotechnological and socio-systemic 
approaches.

4  The notion of paradigms is used to describe “a set of assumptions 
that structure the approach to research” (Moon and Blackman 2014: 
1173).
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Distinct strengths as impetus for integration

The two branches of literature presented different strengths 
in their approaches to conceptualizing and solving the prob-
lem of vitamin A deficiency. The biotechnological branch 
offered a focused, generalizable, quickly transferable, one-
time intervention, effective in regard to its target—the provi-
sion of a beta-carotene producing rice variety (e.g., Potrykus 
2001). This rice might act as positive example of a techno-
logical fix as suggested by Scott (2011). However, the lack 
of focus on confounding factors that are likely to influence 
the success of Golden Rice, limits the nuanced understand-
ing of how such broad brush interventions will play out in 
what are inevitably complex, context specific socio-political 
contexts.

In contrast, the socio-systemic branch’s broader, more 
contextualized understanding of vitamin A deficiency 
promoted strategies embracing the traditional approaches 
of supplementation and fortification along with capacity 
building in agroecology and education on nutrition, hygiene 
and health. This approach aims at synergies (e.g., by comb-
ing health checks with education measures) and at a broad 
notion of well-being, taking into account various aspects of 
health and sustainable livelihood strategies, not just vita-
min A deficiency (e.g., Johns and Eyzaguirre 2007). Such 
contextual approaches face major barriers though, often not 
being compatible with the status quo of a targeted food sys-
tem or current politics (Scoones 2002; Scott 2011). Moreo-
ver, the strong focus on the importance of context in sustain-
ability problem framing may diminish the potential positive 
contribution that general, broad-brush technical solutions 
can have if contextual issues are addressed.

A constructive dialogue on strengths and limitations of 
both approaches might serve to draw a more nuanced picture 
of Golden Rice and to eventually inform better research out-
comes by aligning both technical depth (e.g., how to design 
optimal seeds and growing conditions) and thematical 
breadth (e.g., which components of the food system influ-
ence vitamin A deficiency to what extent).

Values and vested interests in science

Despite the high promises of cooperation between the 
socio-systemic and the biotechnological branch, our results 
indicated profound differences in their respective prob-
lem framings. These problem framings required different 
research methods and team constellations and concluded in 
diverging solutions, working on different scales and time 
frames (short term changes in plant metabolism versus long 
term food system transformation). It is necessary not just 
to contend with the way different disciplinary traditions 
shape sustainability problem framing, but also with diverg-
ing values and worldviews among researchers personally 

(Garnett 2013). Moreover, there is a need to address the 
feedbacks between personal values and disciplinary tradi-
tions. Personal values influence individuals’ choice of dis-
cipline, and those—self-selecting—scholarly communities 
tend to reinforce particular worldviews. Nevertheless, the 
disciplinary divide seems inadequate as an explanation for 
the high extent of polarization between the clusters within 
the academic literature. Are GM crops safe, beneficial to 
biodiversity and a key to food security? Is it legitimate to 
base GMO regulations on the precautionary principle? Is 
our current agricultural system in crisis or at a historical 
peak? Polarized positions on these questions regardless of 
affiliations point to the influence of values and deeply held 
worldviews on framing the research (Fischer et al. 2014) 
and on interpreting results (Devos et al. 2014). These nor-
mative propositions of researchers were often obscured in 
the Golden Rice discourse by the assumed objectivity of 
scientific research. Accordingly, authors often made dichoto-
mous policy recommendations, either supporting or reject-
ing Golden Rice and thus portraying the case as a formal 
objective problem, solvable within the realm of deduction 
(Levidow and Marris 2001; Herrick 2004), rather than as a 
normative and value-laden issue.

Moreover, in some instances vested interests have led 
scientists to ally with corporate representatives or activists, 
thereby increasing the divergence between positions through 
the self-amplifying process of “social bonding against a 
common enemy” (Stone 2017: 590). Despite the strong 
influences of disciplinary affiliations, profound ideological 
divides, and entanglements between science and policy, our 
analysis showed little recognition of how these topics shape 
and polarize the Golden Rice discourse.

Pathways to sustainability

Offering a sustainability science perspective on how to move 
the debate forward, we suggest a reframing of the question 
and its research methodology, by prioritizing human well-
being and local involvement. To transcend the reduction-
ism of regarding rice as mere nutrient provider, neglecting 
its place in the eco- and cultural system (Hayes-Conroy 
and Sweet 2014), and of describing vitamin A-deficient 
populations as passive victims (‘the poor’) in unspecified 
geographic and social positions, we propose to reframe the 
question: from ‘how do we create a rice plant producing 
beta-carotene?’ or ‘how do we most efficiently raise the vita-
min A status of populations at risk?’ to ‘how do we foster 
the well-being of people affected by malnutrition, both in 
short and long terms?’. Such a reframing of putting people 
first automatically aligns health and nutrition with equal-
ity, secure livelihoods and environmental integrity (Bennett 
2017). Most importantly, to understand what well-being 
means to the people in question, there is no way around 
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asking. This necessary physical proximity creates room for 
participation, for joint agenda setting, for mutual learning, 
for producing ‘socially-robust’ knowledge (Gibbons 1999), 
in short: for the aims and rationales of transdisciplinarity 
(Lang et al. 2012).5

Indeed participation of non-scientists in both problem 
framing and solution formation was largely overlooked in 
the Golden Rice literature, with a notable lack of focus on 
sub-themes such as local culture, participation, dignity and 
empowerment in the articles reviewed here. This lack of 
participation exists despite the obstructive mistrust towards 
Golden Rice, witnessed both in the Global North (Baggott 
2006) and South (Cabanilla 2007). Despite challenges in 
praxis (Brandt et al. 2013; Kenny et al. 2015) and a limited 
number of evaluation studies (Bath and Wakerman 2015), 
there is a growing recognition of the feasibility and poten-
tial success of transdisciplinarity, for example, in the field 
of health policy and systems research (Sheikh et al. 2014) 
or agricultural research (Hoffmann et al. 2007; Neef and 
Neubert 2011). Such approaches potentially allow for socio-
technical solutions that can be adapted to specific socio-
political or socio-ecological contexts and that acknowledge 
that multiple interventions are often required to fix what at 
first glance might seem like relatively simple problems (such 
as a vitamin A-deficient diets).

More broadly, polarized discourses regarding solutions 
to pressing sustainability problems may be avoided, or at 
least diminished, by attempts to develop shared problem 
definitions (both across different scientific disciplines and 
in conjunction with those who are impacted by the proposed 
solutions). This requires greater focus on exploring the way 
sustainability science is shaped by disciplinary traditions, 
underpinning assumptions, values and world-views. Further-
more, we argue that the seeming adversarial perspectives 
on sustainability problems that arise from more technical or 
socio-political perspectives may actually be complementary. 
The development of socio-technical solutions that seek to 
bridge the divide between overgeneralized technical solu-
tions and deeply contextualized socio-political approaches 
with limited transferability would increase the applicability 
and legitimacy of sustainability science. For this to occur 
rather than competing narratives developed in tandem, what 
is required is genuine dialogue that acknowledges the under-
pinning factors (including problem framing) that can lead to 
such fractured discourses in sustainability science. Dialogue 
and mutual understanding denote a starting point for deeper-
level institutional changes that are necessary to facilitate and 
mainstream inter- and transdisciplinary research projects. 

Currently existing institutions in science pose structural 
constraints to greater inclusivity. These institutional con-
straints include reward mechanisms that incentivise speciali-
sation and a lack of regard for specific outputs of inter- and 
transdisciplinary research such as knowledge co-creation 
(National Research Council 2004; Schneidewind 2010). As 
Ostrom (1990) described, changes must happen not only at 
the level of operational and collective rule-making, but also 
at the constitutional level—in this case, the organising prin-
ciples and power relationships of the institutions of science.

Conclusion

The findings of normative science, including in sustain-
ability science, can be highly polarized (e.g., Fischer et al. 
2014). Using the Golden Rice as an exemplar of such polar-
ized debates we found that the obstacles to integration of 
knowledge arose from diverging problem framings, here 
explained as connected to disciplinary affiliation and per-
sonal values. To overcome these obstacles to shared under-
standing we proposed three steps: (1) to explicitly recognize 
why a situation is framed as a problem and what criteria 
constitute sustainability in the particular context; (2) to work 
in transdisciplinary ways, based on mutual respect, by prior-
itizing well-being and systems thinking; and (3) to reflect on 
the potentials and limitations of academia’s current institu-
tions in facilitating inter- and transdisciplinarity. These steps 
may facilitate the overall aim of addressing root causes of 
unsustainability in, by and through science.

Acknowledgements  JF acknowledges a Consolidator Grant by the 
European Research Council (ERC). Synergies with the ERC-related 
work helped to support this paper. DJA was supported by the Volk-
swagenStiftung and the Niedersächsisches Ministerium für Wissen-
schaft und Kultur funded project ‘Leverage Points for Sustainable 
Transformations: Institutions, People and Knowledge’ (Grant number 
A112269).

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Abson DJ, Fischer J, Leventon J et al (2016) Leverage points for sus-
tainability transformation. Ambio. https​://doi.org/10.1007/s1328​
0-016-0800-y

Al-Babili S, Hoa TTC, Schaub P (2006) Exploring the potential of 
the bacterial carotene desaturase CrtI to increase the β-carotene 5  Following Lang et al. (2012), we define transdisciplinary as scien-

tific principle of knowledge co-creation in teams of different disci-
plines and actor groups targeted at mitigating societal problems.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13280-016-0800-y
https://doi.org/10.1007/s13280-016-0800-y


1480	 Sustainability Science (2018) 13:1469–1482

1 3

content in Golden Rice. J Exp Bot 57:1007–1014. https​://doi.
org/10.1093/jxb/erj08​6

Babcock BC, Francis CA (2000) Solving global nutrition challenges 
requires more than new biotechnologies. J Am Diet Assoc 
100:1308–1311

Bäckstrand K (2003) Civic science for sustainability: reframing the role 
of experts, policy-makers and citizens in environmental govern-
ance. Glob Environ Polit 3:24–41. https​://doi.org/10.1162/15263​
80033​22757​916

Baggott E (2006) A wealth deferred. Harvard Int Rev 28:28
Banson KE, Nguyen NC, Bosch OJH (2016) Using system archetypes 

to identify drivers and barriers for sustainable agriculture in 
Africa: a case study in Ghana. Syst Res Behav Sci 33:79–99. 
https​://doi.org/10.1002/sres.2300

Bath J, Wakerman J (2015) Impact of community participation in pri-
mary health care: what is the evidence? Aust J Prim Health 21:2. 
https​://doi.org/10.1071/PY121​64

Becher T (1994) The significance of disciplinary differences. Stud 
High Educ 19:151–161. https​://doi.org/10.1080/03075​07941​
23313​82007​

Becher T, Trowler PR (2001) Academic tribes and territories: intel-
lectual enquiry and the culture of disciplines, 2nd edn. SRHE 
and Open University Press, Buckingham

Bennett EM (2017) Changing the agriculture and environment con-
versation. Nat Ecol Evol 1:18. https​://doi.org/10.1038/s4155​
9-016-0018

Black RE, Morris SS, Bryce J (2003) Where and why are 10 million 
children dying every year? Lancet 361:2226–2234. https​://doi.
org/10.1016/S0140​-6736(03)13779​-8

Bøhn T, Cuhra M, Traavik T et al (2014) Compositional differences 
in soybeans on the market: glyphosate accumulates in Roundup 
Ready GM soybeans. Food Chem 153:207–215. https​://doi.
org/10.1016/j.foodc​hem.2013.12.054

Borcard D, Gillet F, Legendre P (2011) Numerical ecology with R. 
Springer Science + Business Media, LLC, New York

Brandt P, Ernst A, Gralla F et al (2013) A review of transdisciplinary 
research in sustainability science. Ecol Econ 92:1–15. https​://doi.
org/10.1016/j.ecole​con.2013.04.008

Brooks S (2011) Is international agricultural research a global public 
good? The case of rice biofortification. J Peasant Stud 38:67–80. 
https​://doi.org/10.1080/03066​150.2010.53858​1

Cabanilla LS (2007) Socio-economic and political concerns for GM 
foods and biotechnology adoption in the Philippines. AgBioFo-
rum 10:178–183

Cairns RC (2014) Climate geoengineering: Issues of path-dependence 
and socio-technical lock-in. Wiley Interdiscip Rev Clim Change 
5:649–661. https​://doi.org/10.1002/wcc.296

Cannon G (2002) Nutrition: the new world disorder. Asia Pac J Clin 
Nutr 11:S498–S509. https​://doi.org/10.1046/j.1440-6047.11.
supp3​.5.x

Carpenter JE (2010) Peer-reviewed surveys indicate positive impact of 
commercialized GM crops. Nat Biotechnol 28:319–321. https​://
doi.org/10.1038/nbt04​10-319

Chambers R (1995) Poverty and livelihoods: whose reality counts ? 
Environ Urban 7:173–204. https​://doi.org/10.1177/09562​47895​
00700​106

Chassy BM (2010) Food safety risks and consumer health. Nat Bio-
technol 27:534–544. https​://doi.org/10.1016/j.nbt.2010.05.018

Christen M, Schmidt S (2012) A formal framework for conceptions 
of sustainability—a theoretical contribution to the discourse in 
sustainable development. Sustain Dev 20:400–410. https​://doi.
org/10.1002/sd.518

Christou P, Capell T, Kohli A et  al (2006) Recent developments 
and future prospects in insect pest control in transgenic crops. 
Trends Plant Sci 11:302–308. https​://doi.org/10.1016/j.tplan​
ts.2006.04.001

Cloke J (2013) Empires of waste and the food security meme. Geogr 
Compass 7:622–636. https​://doi.org/10.1111/gec3.12068​

Cohen B, Winn MI (2007) Market imperfections, opportunity and sus-
tainable entrepreneurship. J Bus Ventur 22:29–49. https​://doi.
org/10.1016/j.jbusv​ent.2004.12.001

Corbin J, Strauss A (1990) Grounded theory research: procedures, can-
ons, and evaluative criteria. Qual Sociol 13:3–21

Devos Y, Sanvido O, Tait J, Raybould A (2014) Towards a more open 
debate about values in decision-making on agricultural biotech-
nology. Transgenic Res 23:933–943. https​://doi.org/10.1007/
s1124​8-013-9754-z

Dixon JM, Donati KJ, Pike LL, Hattersley L (2009) Functional foods 
and urban agriculture: two responses to climate change-related 
food insecurity. NSW Public Health Bull 20:14–18. https​://doi.
org/10.1071/NB080​44

Dobson A (1999) Fairness and futurity: essays on environmental sus-
tainability and social justice. Oxford University Press, Oxford

Dufrene M, Legendre P (1997) Species assemblages and indicator spe-
cies: the need for a flexible asymmetrical approach. Ecol Monogr 
67:345–366

Egana NE (2003) Vitamin A deficiency and golden rice—a lit-
erature review. J Nutr Environ Med 13:169–184. https​://doi.
org/10.1080/13590​84031​00016​19414​

Ericksen PJ (2008) Conceptualizing food systems for global envi-
ronmental change research. Glob Environ Change 18:234–245. 
https​://doi.org/10.1016/j.gloen​vcha.2007.09.002

Etzioni A (2010) Moral dimension: toward a new economics. Simon 
and Schuster, New York

FAOSTAT (2016) Electronic database of the Food and Agriculture 
Organization. http://faost​at.fao.org/defau​lt.aspx. Accessed Nov 
2016

Fischer J, Dyball R, Fazey I et  al (2012) Human behavior and 
sustainability. Front Ecol Environ 10:153–160. https​://doi.
org/10.1890/11007​9

Fischer J, Abson DJ, Butsic V et al (2014) Land sparing versus land 
sharing: moving forward. Conserv Lett 7:149–157. https​://doi.
org/10.1111/conl.12084​

Fischer J, Abson DJ, Bergsten A et al (2017) Reframing the food–
biodiversity challenge. Trends Ecol Evol 32:335–345. https​://
doi.org/10.1016/j.tree.2017.02.009

Funtowicz SO, Ravetz JR (1993) Science for the post-normal 
age. Futures 25:739–755. https​://doi.org/10.1016/0016-
3287(93)90022​-L

Garnett T (2013) Three perspectives on sustainable food security: 
efficiency, demand restraint, food system transformation. What 
role for life cycle assessment? J Clean Prod 73:1–9. https​://doi.
org/10.1016/j.jclep​ro.2013.07.045

Gibbons M (1999) Science’s new social contract with society. Nature 
402:81–84. https​://doi.org/10.1038/35011​576

Gibson RB (2006) Sustainability assessment: basic components of 
a practical approach. Impact Assess Proj Apprais 24:170–182. 
https​://doi.org/10.3152/14715​46067​81765​147

Gilbert N (2013) A hard look on GM crops. Nature 497:24–26. https​
://doi.org/10.1038/49702​4a

Glamann J, Hanspach J, Abson DJ et al (2015) The intersection of food 
security and biodiversity conservation: a review. Reg Environ 
Change. https​://doi.org/10.1007/s1011​3-015-0873-3

Hayes-Conroy A, Sweet EL (2014) Whose adequacy? (Re)imagining 
food security with displaced women in Medellín, Colombia. 
Agric Hum Values 32:373–384. https​://doi.org/10.1007/s1046​
0-014-9546-y

Herrick CN (2004) Objectivity versus narrative coherence: science, 
environmental policy, and the US Data Quality Act. Environ Sci 
Policy 7:419–433. https​://doi.org/10.1016/j.envsc​i.2004.06.003

Hoffmann V, Probst K, Christinck A (2007) Farmers and researchers: 
How can collaborative advantages be created in participatory 

https://doi.org/10.1093/jxb/erj086
https://doi.org/10.1093/jxb/erj086
https://doi.org/10.1162/152638003322757916
https://doi.org/10.1162/152638003322757916
https://doi.org/10.1002/sres.2300
https://doi.org/10.1071/PY12164
https://doi.org/10.1080/03075079412331382007
https://doi.org/10.1080/03075079412331382007
https://doi.org/10.1038/s41559-016-0018
https://doi.org/10.1038/s41559-016-0018
https://doi.org/10.1016/S0140-6736(03)13779-8
https://doi.org/10.1016/S0140-6736(03)13779-8
https://doi.org/10.1016/j.foodchem.2013.12.054
https://doi.org/10.1016/j.foodchem.2013.12.054
https://doi.org/10.1016/j.ecolecon.2013.04.008
https://doi.org/10.1016/j.ecolecon.2013.04.008
https://doi.org/10.1080/03066150.2010.538581
https://doi.org/10.1002/wcc.296
https://doi.org/10.1046/j.1440-6047.11.supp3.5.x
https://doi.org/10.1046/j.1440-6047.11.supp3.5.x
https://doi.org/10.1038/nbt0410-319
https://doi.org/10.1038/nbt0410-319
https://doi.org/10.1177/095624789500700106
https://doi.org/10.1177/095624789500700106
https://doi.org/10.1016/j.nbt.2010.05.018
https://doi.org/10.1002/sd.518
https://doi.org/10.1002/sd.518
https://doi.org/10.1016/j.tplants.2006.04.001
https://doi.org/10.1016/j.tplants.2006.04.001
https://doi.org/10.1111/gec3.12068
https://doi.org/10.1016/j.jbusvent.2004.12.001
https://doi.org/10.1016/j.jbusvent.2004.12.001
https://doi.org/10.1007/s11248-013-9754-z
https://doi.org/10.1007/s11248-013-9754-z
https://doi.org/10.1071/NB08044
https://doi.org/10.1071/NB08044
https://doi.org/10.1080/13590840310001619414
https://doi.org/10.1080/13590840310001619414
https://doi.org/10.1016/j.gloenvcha.2007.09.002
http://faostat.fao.org/default.aspx
https://doi.org/10.1890/110079
https://doi.org/10.1890/110079
https://doi.org/10.1111/conl.12084
https://doi.org/10.1111/conl.12084
https://doi.org/10.1016/j.tree.2017.02.009
https://doi.org/10.1016/j.tree.2017.02.009
https://doi.org/10.1016/0016-3287(93)90022-L
https://doi.org/10.1016/0016-3287(93)90022-L
https://doi.org/10.1016/j.jclepro.2013.07.045
https://doi.org/10.1016/j.jclepro.2013.07.045
https://doi.org/10.1038/35011576
https://doi.org/10.3152/147154606781765147
https://doi.org/10.1038/497024a
https://doi.org/10.1038/497024a
https://doi.org/10.1007/s10113-015-0873-3
https://doi.org/10.1007/s10460-014-9546-y
https://doi.org/10.1007/s10460-014-9546-y
https://doi.org/10.1016/j.envsci.2004.06.003


1481Sustainability Science (2018) 13:1469–1482	

1 3

research and technology development? Agric Hum Values 
24:355–368. https​://doi.org/10.1007/s1046​0-007-9072-2

International assessment of agricultural knowledge, science and tech-
nology for development (IAASTD): global report (2009) McIn-
tyre BD, Herren H, Wakhungu J, Watson R (Eds.). Island Press, 
Washington, DC

Janssen MA, Anderies JM, Ostrom E (2007) Robustness of social-
ecological systems to spatial and temporal variability. Soc Nat 
Resour 20:307–322. https​://doi.org/10.1080/08941​92060​11613​
20

Johns T, Eyzaguirre PB (2007) Biofortification, biodiversity and diet: a 
search for complementary applications against poverty and mal-
nutrition. Food Policy 32:1–24. https​://doi.org/10.1016/j.foodp​
ol.2006.03.014

Jolivet E, Maurice M (2006) How markets matter: radical innovation, 
societal acceptance, and the case of genetically engineered food. 
In: Hage J, Meeus M (eds) Innovation, Science, and Institu-
tional Change: A Research Handbook. Oxford University Press, 
Oxford, pp 334–368

Kenny A, Farmer J, Dickson-Swift V, Hyett N (2015) Community par-
ticipation for rural health: a review of challenges. Health Expect 
18:1906–1917. https​://doi.org/10.1111/hex.12314​

Kent G (2005) Freedom from want: advancing human rights. George-
town University Press, Washington

Lang T, Heasman M (2004) Food wars: the global battle for mouths, 
minds and markets. Earthscan, London

Lang DJ, Wiek A, Bergmann M et al (2012) Transdisciplinary research 
in sustainability science: practice, principles, and challenges. 
Sustain Sci 7:25–43. https​://doi.org/10.1007/s1162​5-011-0149-x

Legwegoh AF, Fraser EDG (2015) Food crisis or chronic poverty: 
metanarratives of food insecurity in Sub-Saharan Africa. J Hun-
ger Environ Nutr 10:313–342. https​://doi.org/10.1080/19320​
248.2014.96277​7

Lélé S, Norgaard RB (2005) Practicing interdisciplinarity. Bioscience 
55:967. https://doi.org/10.1641/0006-3568(2005)055[0967:PI]
2.0.CO;2

Levidow L, Marris C (2001) Science and governance in Europe: les-
sons from the case of agricultural biotechnology. Sci Public Pol-
icy 28:345–360. https​://doi.org/10.3152/14715​43017​81781​345

Loos J, Abson DJ, Chappell MJ et al (2014) Putting meaning back into 
“sustainable intensification”. Front Ecol Environ 12:356–361. 
https​://doi.org/10.1890/13015​7

Lorch A (2001) Is this the way to solve malnutrituion? Biotechnol Dev 
Monit 44:18–22

Mayer JE, Potrykus I (2011) Golden Rice’ and biofortification—their 
potential to save lives is being hampered by overzealous regu-
lation. Acta Hortic 941:21–34. https​://doi.org/10.17660​/ActaH​
ortic​.2012.941.1

McAfee K (2003) Neoliberalism on the molecular scale. Economic 
and genetic reductionism in biotechnology battles. Geoforum 
34:203–219. https​://doi.org/10.1016/S0016​-7185(02)00089​-1

Miller TR, Wiek A, Sarewitz D et al (2014) The future of sustainabil-
ity science: a solutions-oriented research agenda. Sustain Sci 
9:239–246. https​://doi.org/10.1007/s1162​5-013-0224-6

Minasyan A (2015) Your development or mine? Effects of donor–recip-
ient cultural differences on the aid-growth nexus. J Comp Econ 
0:1–17. https​://doi.org/10.1016/j.jce.2015.07.002

Moon K, Blackman D (2014) A guide to understanding social science 
research for natural scientists. Conserv Biol 28:1167–1177. https​
://doi.org/10.1111/cobi.12326​

Mosier AR, Kroeze C, Hiraishi T, Minxing W (2000) Agriculture. In: 
IPCC. Good practice guidance and uncertainty management in 
National Greenhouse Gas Inventories, National Greenhouse Gas 
Inventories Programme, Technical Support Unit, pp 4.1–4.94

National Research Council (2004) Facilitating Interdisciplinary 
Research. National Academies Press, Washington, DC

Neef A, Neubert D (2011) Stakeholder participation in agricultural 
research projects: a conceptual framework for reflection and 
decision-making. Agric Hum Values 28:179–194. https​://doi.
org/10.1007/s1046​0-010-9272-z

Nestle M (2001) Genetically engineered “golden” rice unlikely to 
overcome vitamin A deficiency. J Am Diet Assoc 101:289–290

Olsson L, AR5 IPCC et al (2014) Livelihoods and poverty. In: (ed) 
Climate change 2014: impacts, adaptation, and vulnerability. Part 
A: global and sectoral aspects. Contribution of working group 
II to the fifth assessment report of the intergovernmental panel 
on climate change. Cambridge University Press, Cambridge, 
pp 793–832

O’Riordan T, Cameron J (1994) Interpreting the precautionary princi-
ple. Earthscan, London

Ostrom E (1990) Governing the Commons: The Evolution of Insti-
tutions for Collective Action. Cambridge University Press, 
Cambridge

Oyunga MA, Grant F, Omondi D et al (2016) Prevalence and predic-
tors of vitamin A deficiency among infants in western Kenya 
using a cross-sectional analysis. Afr J Food Agric Nutr Dev 
16:10765–10785. https​://doi.org/10.18697​/ajfan​d.73.16190​

Paine JA, Shipton CA, Chaggar S et al (2005) Improving the nutri-
tional value of Golden Rice through increased pro-vitamin A 
content. Nat Biotechnol 23:482–487. https​://doi.org/10.1038/
nbt10​82

Patz JA, Campbell-Lendrum D, Holloway T, Foley JA (2005) Impact 
of regional climate change on human health. Nature 438:310–
317. https​://doi.org/10.1038/natur​e0418​8

Perfecto I, Vandermeer J, Wright A (2009) Nature’s Matrix: Linking 
Agriculture, Conservation and Food Sovereignty. Routledge, 
London

Perret N, Longo G (2016) Reductionist perspectives and the notion of 
information. Prog Biophys Mol Biol. https​://doi.org/10.1016/j.
pbiom​olbio​.2016.07.003

Phillips PWB (2002) Biotechnology in the global agri-food system. 
Trends Biotechnol 20:376–381. https​://doi.org/10.1016/S0167​
-7799(02)02039​-5

Potrykus I (2001) The Golden Rice “Tale”. In Vitro Cell Dev Biol 
Plant 37:93–100. https​://doi.org/10.1079/IVP20​00168​

Potrykus I (2013) Genetic modification and the public good. Eur 
Rev 21:S68–S79. https​://doi.org/10.1017/S1062​79871​30002​03

R Core Team (2016) An introduction to R: a programming environ-
ment for data analysis and graphics version 3.3.2. R Founda-
tion for Statistical Computing, Vienna. http://www.R-proje​
ct.org

Reed J, Van Vianen J, Deakin EL et al (2016) Integrated landscape 
approaches to managing social and environmental issues in 
the tropics: learning from the past to guide the future. Glob 
Change Biol. https​://doi.org/10.1111/gcb.13284​

Rockström J, Steffen W, Noone K et al (2009) A safe operating space for 
humanity. Nature 461:472–475. https​://doi.org/10.1038/46147​2a

Ruel MT (2001) Can food-based strategies help reduce vitamin A and 
iron deficiencies? International Food Policy Research Institute, 
Washington

Sayer J, Sunderland T, Ghazoul J et al (2013) Ten principles for a 
landscape approach to reconciling agriculture, conserva-
tion, and other competing land uses. Proc Natl Acad Sci USA 
110:8349–8356

Sayer J, Margules C, Boedhihartono AK et  al (2014) Landscape 
approaches; what are the pre-conditions for success? Sustain Sci 
10:345–355. https​://doi.org/10.1007/s1162​5-014-0281-5

Schneidewind U (2010) Ein institutionelles Reformprogramm zur 
Förderung transdisziplinärer Nachhaltigkeitsforschung. GAIA 
19(2):122–128

Schubert DR (2008) The problem with nutritionally enhanced plants. 
J Med Food 11:601–605. https​://doi.org/10.1089/jmf.2008.0094

https://doi.org/10.1007/s10460-007-9072-2
https://doi.org/10.1080/08941920601161320
https://doi.org/10.1080/08941920601161320
https://doi.org/10.1016/j.foodpol.2006.03.014
https://doi.org/10.1016/j.foodpol.2006.03.014
https://doi.org/10.1111/hex.12314
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1080/19320248.2014.962777
https://doi.org/10.1080/19320248.2014.962777
https://doi.org/10.3152/147154301781781345
https://doi.org/10.1890/130157
https://doi.org/10.17660/ActaHortic.2012.941.1
https://doi.org/10.17660/ActaHortic.2012.941.1
https://doi.org/10.1016/S0016-7185(02)00089-1
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1016/j.jce.2015.07.002
https://doi.org/10.1111/cobi.12326
https://doi.org/10.1111/cobi.12326
https://doi.org/10.1007/s10460-010-9272-z
https://doi.org/10.1007/s10460-010-9272-z
https://doi.org/10.18697/ajfand.73.16190
https://doi.org/10.1038/nbt1082
https://doi.org/10.1038/nbt1082
https://doi.org/10.1038/nature04188
https://doi.org/10.1016/j.pbiomolbio.2016.07.003
https://doi.org/10.1016/j.pbiomolbio.2016.07.003
https://doi.org/10.1016/S0167-7799(02)02039-5
https://doi.org/10.1016/S0167-7799(02)02039-5
https://doi.org/10.1079/IVP2000168
https://doi.org/10.1017/S1062798713000203
http://www.R-project.org
http://www.R-project.org
https://doi.org/10.1111/gcb.13284
https://doi.org/10.1038/461472a
https://doi.org/10.1007/s11625-014-0281-5
https://doi.org/10.1089/jmf.2008.0094


1482	 Sustainability Science (2018) 13:1469–1482

1 3

Schumpeter JA (1954) History of economic analysis. Psychology Press, 
London

Schwember AR (2008) An update on genetically modified crops. Cienc 
e Investig Agrar 35:231–250

Scoones I (2002) Can agricultural biotechnology be pro-poor? A scep-
tical look at the emerging “consensus”. IDS Bull 33:114–119. 
https​://doi.org/10.1111/j.1759-5436.2002.tb000​51.x

Scott D (2011) The technological fix criticisms and the agricultural 
biotechnology debate. J Agric Environ Ethics 24:207–226. https​
://doi.org/10.1007/s1080​6-010-9253-7

Scrinis G (2007) From techno-corporate food to alternative agri-food 
movements. Local Glob Identity Secur Community 4:112. https​
://doi.org/10.1051/IUFoS​T:20061​389

Sen A (1981) Poverty and famines: an essay on entitlement and depri-
vatio. Oxford University Press, Oxford

Séralini G, Clair E, Mesnage R et al (2014) Republished study: long-
term toxicity of a Roundup herbicide and a Roundup-tolerant-
genetically modified maize. Environ Sci Eur 26:14. https​://doi.
org/10.1186/s1230​2-014-0014-5

Sheikh K, George A, Gilson L (2014) People-centred science: strength-
ening the practice of health policy and systems research. Health 
Res Policy Syst 12:19. https​://doi.org/10.1186/1478-4505-12-19

Small E (2014) 46. Golden Rice—a food fight to enhance the unsus-
tainable monarch of mega-crops. Biodiversity 15:269–289. https​
://doi.org/10.1080/14888​386.2014.96314​5

Staddon J (2001) Science as politics by other means: fact and analysis 
in an ethical world. Behav Philos 29:i–iii.

Stein AJ, Sachdev HPS, Qaim M (2008) Genetic engineering for the 
poor: Golden Rice and public health in India. World Dev 36:144–
158. https​://doi.org/10.1016/j.world​dev.2007.02.013

Stone GD (2015) Biotechnology, schismogenesis, and the demise of 
uncertainty. Wash Univ J Law Policy 47:381–400

Stone GD (2017) Dreading CRISPR: GMOs, honest brokers, and 
mertonian transgressions. Geogr Rev 107:584–591. https​://doi.
org/10.1111/gere.12260​

Stone GD, Glover D (2016) Disembedding grain: Golden Rice, the 
green revolution, and heirloom seeds in the Philippines. Agric 
Hum Values. https​://doi.org/10.1007/s1046​0-016-9696-1

Tabashnik BE, Brévault T, Carrière Y (2013) Insect resistance to Bt 
crops: lessons from the first billion acres. Nat Biotechnol 31:510–
521. https​://doi.org/10.1038/nbt.2597

Thurber MD, Fahey JW (2009) Adoption of Moringa oleifera to com-
bat under-nutrition viewed through the lens of the “diffusion of 
innovations” theory. Ecol Food Nutr 48:212–225. https​://doi.
org/10.1080/03670​24090​27945​98

Thylefors B, Negrel AD, Pararajasegaram R, Dadzie KY (1995) Global 
data on blindness. Bull World Health Org 73:115–121

Tress G, Tress B, Fry G (2005) Clarifying integrative research con-
cepts in landscape ecology. Landsc Ecol 20:479–493. https​://doi.
org/10.1007/s1098​0-004-3290-4

Trickett EJ (2011) From “water boiling in a peruvian town” to “letting 
them die”: culture, community intervention, and the metabolic 
balance between patience and zeal. Am J Community Psychol 
47:58–68. https​://doi.org/10.1007/s1046​4-010-9369-y

United States Department of Agriculture (USDA) (2016) Food Compo-
sition Databases. https​://ndb.nal.usda.gov/. Accessed Nov 2016

Valente TW, Paredes P, Poppe PR (1998) Matching the message to the 
process: the relative ordering of knowledge, attitudes, and prac-
tices in behavior change research. Hum Commun Res 24:366–
385. https​://doi.org/10.1111/j.1468-2958.1998.tb004​21.x

Vanloqueren G, Baret PV (2009) How agricultural research systems 
shape a technological regime that develops genetic engineering 
but locks out agroecological innovations. Res Policy 38:971–983. 
https​://doi.org/10.1016/j.respo​l.2009.02.008

VERBI Software (2016) MAXQDA, software for qualitative data 
analysis. 1989–2016. VERBI Software-Consult-Sozialforschung 
GmbH, Berlin

Walker B, Holling CS, Carpenter SR, Kinzig A (2004) Resilience, 
adaptability and transformability in social–ecological systems. 
Ecol Soc 9:5. https​://doi.org/10.1103/PhysR​evLet​t.95.25810​1

Walters R (2005) Crime, bio-agriculture and the exploitation of hunger. 
Br J Criminol 46:26–45. https​://doi.org/10.1093/bjc/azi04​9

Waltz E (2009) Battlefield. Nature 461:27–32. https​://doi.
org/10.1038/46102​7a

Weil JH (2005) Are Genetically Modified Plants Useful and Safe? 
IUBMB Life 57(4–5):311–314. https​://doi.org/10.1080/15216​
54050​00922​52

WHO (2017) Micronutrient deficiencies: vitamin A deficiency. http://
www.who.int/nutri​tion/topic​s/vad/en/. Accessed 12 Apr 2017

Wirth J, Petry N, Tanumihardjo S et al (2017) Vitamin A supplemen-
tation programs and country-level evidence of vitamin A defi-
ciency. Nutrients 9:190. https​://doi.org/10.3390/nu903​0190

Wittman H (2009) Reworking the metabolic rift: La Vía Campes-
ina, agrarian citizenship, and food sovereignty. J Peasant Stud 
36:805–826. https​://doi.org/10.1080/03066​15090​33539​91

Zeigler RS (2014) Biofortification: vitamin a deficiency and the 
case for Golden Rice. Plant Biotechnol 245–262. https​://doi.
org/10.1007/978-3-319-06892​-3_19

Zimmermann R, Qaim M (2004) Potential health benefits of Golden 
Rice: a Philippine case study. Food Policy 29:147–168. https​://
doi.org/10.1016/j.foodp​ol.2004.03.001

https://doi.org/10.1111/j.1759-5436.2002.tb00051.x
https://doi.org/10.1007/s10806-010-9253-7
https://doi.org/10.1007/s10806-010-9253-7
https://doi.org/10.1051/IUFoST:20061389
https://doi.org/10.1051/IUFoST:20061389
https://doi.org/10.1186/s12302-014-0014-5
https://doi.org/10.1186/s12302-014-0014-5
https://doi.org/10.1186/1478-4505-12-19
https://doi.org/10.1080/14888386.2014.963145
https://doi.org/10.1080/14888386.2014.963145
https://doi.org/10.1016/j.worlddev.2007.02.013
https://doi.org/10.1111/gere.12260
https://doi.org/10.1111/gere.12260
https://doi.org/10.1007/s10460-016-9696-1
https://doi.org/10.1038/nbt.2597
https://doi.org/10.1080/03670240902794598
https://doi.org/10.1080/03670240902794598
https://doi.org/10.1007/s10980-004-3290-4
https://doi.org/10.1007/s10980-004-3290-4
https://doi.org/10.1007/s10464-010-9369-y
https://ndb.nal.usda.gov/
https://doi.org/10.1111/j.1468-2958.1998.tb00421.x
https://doi.org/10.1016/j.respol.2009.02.008
https://doi.org/10.1103/PhysRevLett.95.258101
https://doi.org/10.1093/bjc/azi049
https://doi.org/10.1038/461027a
https://doi.org/10.1038/461027a
https://doi.org/10.1080/15216540500092252
https://doi.org/10.1080/15216540500092252
http://www.who.int/nutrition/topics/vad/en/
http://www.who.int/nutrition/topics/vad/en/
https://doi.org/10.3390/nu9030190
https://doi.org/10.1080/03066150903353991
https://doi.org/10.1007/978-3-319-06892-3_19
https://doi.org/10.1007/978-3-319-06892-3_19
https://doi.org/10.1016/j.foodpol.2004.03.001
https://doi.org/10.1016/j.foodpol.2004.03.001

