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A B S T R A C T   

The evolution of varietal creation methods led in 2012 to the advent of the genome editing technique, CRISPR- 
CaS9. This technique would make it possible to create new varieties quickly and cheaply. Although some 
consider CRISPR-CaS9 to be revolutionary, others consider it a potential societal threat. To document the con-
troversy, we explain the socioeconomic conditions under which this technique could be accepted for the creation 
of a rainfed rice variety in Madagascar. The methodological framework is based on 38 individual and semi-
structured interviews, a multistakeholder forum with organizations interviewedo, and a survey of 148 rice 
producers. Results reveal that the acceptability of genome editing requires (i) strengthening the seed system 
through the operationalization of regulatory structures and the upgrading of stakeholders’ knowledge of 
genetically modified organisms, (ii) assessing the effects of the edited variety on biodiversity and soil nitrogen 
dynamics, and (iii) strengthening the technical and human capacities of the biosafety body. Structural mecha-
nisms for regulating the seed system are necessary to ensure safe experimentation of genome editing techniques. 
Organizational innovation also appears to be necessary. The study documents how collective learning between 
communities of scientists and nonscientists is a component of systemic processes of varietal innovation.   

1. Introduction 

The polarization of varietal innovation since the second world war 
toward distinct, homogenous, and stable (DUS) varieties is a major 
element of specialization and economic performance in industrial 
countries (Liu et al., 2015; Vanloqueren and Baret, 2009). From classical 
breeding to genetically modified organisms (GMOs) in the 1980s and 
then to genomics in the 1990s, laboratories are continuously improving 
their varietal selection. Although GMOs and genetically edited organ-
isms (GEOs) are the subject of controversy as to their impact on the 
environment and consumer health, positive results (in terms of 
increased yields) highlighted by certain studies (Brookes and Barfoot, 
2017; National Academies of Sciences, Engineering, and Medicine, 
2016) are helping to increase funding in genetic engineering. 

The year 2012 marked a new turning point with the introduction of a 
new genome editing technique, the CRISPR-CaS9 technique. Used in 
health, as well as in agriculture, this technique is presented as a simple, 
rapid, precise solution, capable of fulfilling sustainable development 
challenges at a lower cost (Bellon-Maurel and Huyghe, 2016; Moedas, 
2017; Pixley et al., 2019; Xu et al., 2016). It would be useful to solve 

food security problems by increasing investment in it (Pavleska et Kerr, 
2020). Genome editing is, however, controversial because of the ethical 
issues related to its use. Some authors have claimed that the rejection of 
genome editing techniques by civil society organizations is not based on 
scientific arguments (Pollock, 2016). For others, the appearance of 
off-target effects such as tumors in humans (Haapaniemi et al., 2018) 
calls for caution in the use of these tools. Moreover, studies have traced 
changes caused by these technologies and thus attributed property rights 
to final products (Bertheau, 2019). 

Nevertheless, products resulting from these technologies could be 
considered eco-innovations (Bossle et al., 2016; Horbach, 2008; OECD, 
2009). “An eco-innovation is a technical or organizational innovation 
that avoids or reduces negative impacts on the environment” (Horbach, 
2008, p. 163). Environmental benefits may arise during the production 
of goods or services or during the final use by consumers. For example, 
the goal of creating eco-innovative varieties may lead to improving the 
resistance of varieties to pathogens, to reduce the use of synthetic in-
secticides, herbicides, or fungicides. It might also improve the efficiency 
of using resources such as nitrogen in certain plants, to reduce the use of 
synthetic fertilizers. The latter case is the subject of a project that aims to 
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develop new upland rice varieties. The project is being conducted by 
international agricultural researchers, in partner with Chile, Colombia, 
France, and Madagascar. Among the crops most highly valued in 
breeding programs involving new plant breeding techniques (such as 
CRISPR-CaS9), rice accounts for 40% of scientific research worldwide 
(Araki and Ishii, 2015; Modrzejewski et al., 2019). 

In Madagascar, rice provides the bulk of food security and structures 
agricultural policy (Serpantié, 2017). Produced by approximately 85% 
of farmers (Banque Mondiale 2016), rice is almost entirely consumed 
domestically, with only 20% exported. To fulfill increasing national 
demand, agronomic research has invested in the creation of rice vari-
eties adapted to the diversity of Malagasy ecosystems. Since the 1980s, 
their efforts have gradually been directed toward the creation of rainfed 
rice varieties, because of the saturation of rice fields (Raboin et al., 
2013). Despite the adoption of some rainfed rice varieties (Ahmadi, 
2004), the limited use of chemical fertilizers by producers limits the 
yield potential of these varieties (Rakotoson et al., 2017). In this context, 
agricultural research institutes1 have engaged in a project to modify a 
rainfed rice variety already produced in Madagascar. The project in-
tends to use CRISPR-CaS9 technique to improve the nitrogen use effi-
ciency of this variety. This innovation would be an eco-innovation that 
would reduce the use of chemical fertilizers in rice production in 
Madagascar. 

We document the socioeconomic conditions of the acceptability of 
GEOs in Madagascar by using a conceptual framework of innovation 
systems applied to a technological innovation process (Section 2). A 
participatory research framework (Section 3) is applied to highlight 
stakeholders’ perceptions regarding the organization of the seed system, 
the regulatory framework for risk management, and the vulnerability of 
producers (Section 4). The discussion focuses on the organizational 
prerequisites for technical innovation (Section 5) and opens the 
conclusion (section 6) on the interest of collective and inclusive learning 
in varietal innovation processes. 

2. Systemic determinants of innovation adoption 

Between 1960 and 1990, science and technology were considered 
major actors in sociotechnical innovation processes. In line with top- 
down conceptions of technology push (Dosi, 1982), there was a signif-
icant correlation between investment in research and productivity gains 
in the industrial and agricultural sectors. This view of technological 
change is now being challenged, partly because of the lack of feedback 
between researchers and technology users. The consequence of this is 
that, it is difficult to take into account the uncertainty and dynamics of 
technological change. Innovation, or the introduction of new productive 
combinations into the economy (Schumpeter, 2006), results from the 
combination of diverse information and knowledge sorted and analyzed 
to be used in the production of new products (Laperche and Mignon, 
2018). It occurs in a historical, political, and economic context shaped 
by various actors (Temple et al., 2018). It is no longer considered a result 
only from research. 

Within this logic, the concept of the innovation system (IS) emerged 
in the 1980s. The IS “seeks to understand how a set of institutions, or-
ganizations, networks and actors can interact to foster innovation in a 
given national, regional or sectoral space, or in a space built by firms or 
around the development of a technology” (Carlsson et al., 2002). Orig-
inally used to study technological innovations in industry, the concept 
has been extended to the analysis of agricultural and agri-food in-
novations under the name “agricultural innovation system (AIS).” This 
approach combines diverse disciplinary or theoretical approaches, 
which are used at different levels of analysis (national, regional, 
sub-regional, sectoral). It extends the analysis to a multiplicity of actors 

and the environment in which they operate, with a central role given to 
institutions and organizations (Touzard et al., 2015). Institutions are 
systems of established and integrated social rules that structure social 
interactions (Hodgson, 2006). They are “the rules of the game in society 
or, more formally, are humanly designed constraints that shape human 
interaction” (North, 1990, p.3). Organizations include political (e.g., 
parties, regulatory bodies), economic (e.g., businesses, farms, co-
operatives), social (e.g., churches, clubs), and educational (e.g., schools, 
universities, training centers) entities (North, 1990). They are the 
players of the game who use rules to their advantage. 

The acceleration of environmental, social, and political crises calls 
for design innovations that enable a more efficient use of natural func-
tions of the ecosystem (Tittonell, 2014). Beyond productivity, sustain-
ability of ecosystems has become central to the management of 
technological trajectories in agriculture. A technological trajectory is a 
concrete model of problem-solving based on specific methodological 
principles. It defines the direction of technological change (Dosi, 1982). 
In varietal innovation, the trajectory of the creation of GMOs has been 
argued to increase yields by reducing the use of pesticides. However, in 
reality, these technologies have maintained chemical intensification in 
development countries (Kranthi and Stone, 2020). The objective of 
institutionalizing new forms of innovation such as “eco-innovation” is 
therefore to move away from this pattern and return to practices in line 
with territorialized environmental constraints and opportunities. Under 
what conditions can these innovations be accepted and adopted in 
Madagascar? 

The framework for this systemic analysis of innovation is based on 
the assumption that institutions and organizations are central to the 
governance of technological trajectories. We decline the acceptance of 
“institution” and “organization” in the literature in the formulation of 
three complementary hypotheses. 

H1. The regulatory framework for risk prevention and management is 
not operational 

The results of numerous studies have confirmed the positive in-
teractions between technology, regulation, and the market (Bossle et al., 
2016; Galliano et al., 2018; Horbach, 2008; Sanni, 2018). The regulatory 
framework creates incentives for entrepreneurs and researchers and 
specifies restrictions and penalties for noncompliance. The framework 
defines the categories of individuals affected by innovation, measures to 
prevent or manage risks caused by technology, and the actors in charge 
of this. All of these measures are useful in reducing the “risk phobia” 
(Peretti-Watel, 2003) that hinders technological development. We study 
how the regulatory framework on biosafety is applied to the introduc-
tion of GMOs/GEOs in Madagascar. 

H2. Harmonization of knowledge between communities of actors is 
necessary 

Risk is an intrinsic component of innovation. Any change in tech-
nique, in the manner of doing things or in the manner of functioning, 
induces a risk which—depending on the field or the scale of the inno-
vation—may or may not be controlled. Individuals are impregnated with 
this risk culture and attempt, based on the information available, to 
prevent it (Peretti-Watel, 2003). Risk, unlike danger, is the result of 
intentional, planned, and calculated action (Boholm, 2012). With the 
publicizing of risks/hazards of GMOs by the media and activist groups, 
stakeholders will likely transfer these risks to these new GMOs. Hence, 
the level of public knowledge of these technologies should be 
determined. 

H3. Producers’ vulnerability negatively affects their relationship to 
technical innovation 

The response to technical innovations depends on the vulnerability 
of target farmers. This vulnerability is assessed based on tech-
noeconomic criteria (access to credit, inputs) and social capital. The 
latter is shared between producers’ links with local actors, including 

1 International Centre of Agricultural Research for Development (CIRAD) and 
National Centre for Agricultural Research (CNRA) - FOFIFA 
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producer organizations (POs), and external actors (e.g., support services; 
Lallau, 2008). Moreover, some studies highlighted the link between 
producers’ membership in POs and the adoption of innovations (Hellin 
et al., 2009; Shiferaw et al., 2011). In the context of States’ disengage-
ment in the 1980s, these POs are forms of collective action that enable 
producers to secure access to products (inputs) and services (credit, 
training). They are also central partners of agricultural research in-
stitutes for the experimentation of agricultural innovations. We propose 
to show how the low endowments and opportunities of Malagasy pro-
ducers influence the acceptance of a new variety. 

3. A methodological framework for participatory research 

For the analysis of the acceptability conditions of GEOs in 
Madagascar, we adopt a three-step method. 

3.1. Semistructured interviews 

Thirty-eight semistructured interviews were conducted individually 
and for an average of one hour with seed system organizations. A seed 
system can be broadly defined as all the individual and collective actors 
involved in varietal creation, certification, regulation, seed production, 
marketing and/or dissemination, and seed use. Its definition is subject to 
controversy over the dichotomy between so-called formal and informal 
seed systems. In this study, we examined what the literature has referred 
to as the formal seed system (Almekinders et al., 2007; Louwaars and 
Boef, 2012; McGuire, 2001). The aim of interviews was to explain the 
risks and dangers perceived by actors in using genome editing tech-
niques. In a context of acknowledged low use of GMOs in Madagascar, 
this explanation was based on their experience with previously intro-
duced varieties (not only rice), either GMOs or not. The interview guide 
aimed to provide information on the following: (i) the role and functions 
of the interviewee in the seed system ; (ii) his/her experiences in 
introducing new varieties, namely, what were the advantages and dis-
advantages of these introductions; and (iii) risks and dangers he/she 
perceives from GMOs. 

The first interviewees (officials from the Ministries of Agriculture 
and Environment) were identified after exchanges with researchers who 
were partners in the project. Subsequently, the snowball technique was 
applied after each interview: We used a small sample to identify other 
study participants within the circle of acquaintances of those previously 
interviewed (Buton et al., 2016). This technique is particularly recom-
mended when there is no sampling frame of persons belonging to the 
target population. Moreover, this technique recognizes the capacity of 
stakeholders to best identify participants belonging to the target popu-
lation and with whom they have established links (Semaan, 2010). The 
complete list of organizations interviewed is in Appendix 1. 

3.2. Organization of a multistakeholder forum 

Subsequent to the individual interviews, a group interview in the 
form of a forum was organized with representatives of each organization 
previously interviewed. Inspired by research on negotiated rationality 
(Callon and Barthe, 2005), the forum was based on a concomitant pro-
cess of the harmonization of knowledge on biotechnologies and dis-
cussions on the conditions for their experimentation in Madagascar. 
Negotiated rationality implies a process of negotiation and deliberation 
between scientists and nonscientists (Callon and Barthe, 2005). During 
the forum, preliminary results of individual interviews were shared to 
create a mirror effect (Krief and Zardet, 2013), whose aim was to vali-
date, invalidate, enrich, and qualify results. The mirror effect makes it 
possible to restore the diversity of perspectives without judging or 

interpreting and to make actors interact with each other and with re-
searchers. In this constructivist approach,2 the forum produces collec-
tive knowledge on the phenomena observed and makes it possible to 
support actors in their deliberate intention to change or transform. 

Data resulting from interviews and the forum were entered and 
processed manually. We grouped the acceptability conditions issued by 
various categories of actors into eight categories. Categories were 
derived from the grouping of verbatim referring to the same idea. Next, 
we counted the occurrence of each idea by communities of actors 
(nongovernmental organizations [NGO], public sector, research, private 
sector, donors, POs) to obtain a relative weight (Table 1). This weight 
provides information on the relative importance of one category 
compared with the others. 

3.3. Survey of rice producers 

We conducted a survey in the Vakinankaratra region, one of the high- 
altitude areas where the first trials on rainfed rice were conducted 
(Raboin et al., 2013). One hundred and forty-eight rice producers (88 
women and 60 men; one per household) were surveyed during two 
months. They were randomly selected from four villages in the region. 
These villages were selected after consultation with the field re-
searchers, based on security and physical accessibility. The survey was 
conducted during a presidential campaign, and there were attacks by 
road blockers (dahalos in Malagasy) in some areas. These areas were well 
known and carefully avoided. Through the survey, we highlighted the 
socioeconomic characteristics of the project’s target population, to 
determine its potential for adopting a genetically modified rice variety. 

The data obtained were analyzed in XlStat and SPSS 20. The data 
highlight the following:  

2- Producers’ membership in POs,  
2- Access to credit,  
2- Knowledge of GMOs,  
2- Seed acquisition methods, and  
2- Varietal richness (number of varieties produced per farm). 

4. Institutional and organizational determinants of GEOs 
acceptability in Madagascar 

4.1. Sociotechnical conditions 

We grouped the eight categories presented in Table 1 into three main 
acceptability conditions of an edited rice variety in Madagascar, and 
they are presented in order of importance of the stakeholders. The first 
conditions concern the organization and functioning of the seed system. 
The second relate to the application of biosafety measures, and the third 
to the possible effects of the variety on the environment Figure 1. 

4.1.1. Conditions for the operation of the seed system 
Individual interviews confirmed the importance of rice in Malagasy 

culture and the interest of stakeholders in all initiatives to promote and 
disseminate a new rice variety. However, prior to the acceptance of a 
new variety, they mentioned the resolution of the seed system’s short-
comings at different levels of its operation. They mentionned making 
existing seeds accessible, disseminating information on the existence 
and characteristics of the new seed varieties created, producing suffi-
cient quantities of basic seeds, and strengthening the seed system’s 
regulatory structures.  

a Making certified seed accessible 

2 The constructivist approach is characterized by a strong interaction be-
tween the researcher and actors in the field (Krief & Zardet, 2013). 
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The three seed production organizations interviewed said that their 
activity is not profitable because of the low purchase of seeds by pro-
ducers. Producers prefer to rely on exchanges among themselves to 
obtain seeds because, they find that price of seeds are expensive (2500 
Ar/kg) and that sales points are insufficient and far from their homes.. 

This phenomenon was confirmed by the survey of rice producers 
(Fig. 2). 

When seed production is weak and insufficiently organized and that 
seeds do not reach producers at the right time, in sufficient quantities 
and at a good price, supply through different mechanisms (mass 

Table 1 
Analysis table of information obtained from interviews and forum.  

Categories Summary of the Verbatim Number of respondents by category of actors 
Research 
(N = 9) 

NGO 
(N = 8) 

Public 
Sector (N =
12) 

Private 
Sector (N =
3) 

OPs 
(N =
3) 

Donors 
(N = 3) 

Total response 
rate (N = 38) 

Strengthening the 
certification system 

“Weakness in the seed control system” 1 1 2 – 2 1 7/38 
“Proliferation of poor-quality seed in the 
market place.” 

Fostering synergy between 
actors 

“CONASEM on hold” 2 – 4 1 1 1 9/38 
“Rice platform is also fictitious, not 
functional.” 
“Foreign companies are making hybrid rice 
without working with research (FOFIFA).” 
“Everybody does a little bit of what they 
want in their own maizeer. There is no 
synergy of actions.” 

Producing sufficient basic 
seed 

“Not all the FOFIFA stations in the regions 
are active” 

2 3 1 2 3 1 12/38 

“ Difficulty in making varieties of interest 
to producers available in sufficient 
quantities” 
“ FOFIFA doesn’t have the financial means 
to produce enough basic seeds” 

Strengthening the innovation 
dissemination system 

“We need to communicate about the 
variety and the technique so that the 
population is informed.” 

2 4 6 1 1 1 15/38 

“Problem in the dissemination of varieties. 
Lack of extension services.” 
“Dissemination is done through projects 
and programs that have a limited 
duration” 
“Variety adoption is limited to just a few 
leading producers” 
“We must already disseminate the varieties 
that already exist” 

Improving producers’ 
economic and physical 
access to seeds 

“The variety could be expensive and hinder 
adoption by farmers” 

5 6 6 2 2 2 23/38 

“Physical access to the varieties. Point of 
sale away from growers.” 
“economic access to varieties (prices)” 
“Producers can’t afford to buy the seed: 
they prefer exchange.” 

Provide information about 
fertility risks 

“Concern about the ability of this variety to 
deplete the soil.” 

2 – 3 – – – 5/38 

“Negative impact on soil and soil 
regeneration” 
“Risk of competition with other plants for 
nitrogen consumption” 

Provide information about 
biodiversity risks 

“Concern for Madagascar’s biodiversity 
through cross-breeding with endemic 
varieties.” 

2 2 2 – – – 7/38 

Strengthening the biosafety 
regulatory framework 

“There is a need to strengthen personnel 
and biosafety regulations.” 

3 3 8 – – 1 15/38 

“The biosafety bill is still at the draft stage. 
No clear legislation” 
“No GMO labs.” 
“Unofficial introduction of Bt maize in the 
past.” 
“Conflict between the environmental law 
and the Ministry of Health’s law banning 
GMOs.” 
“Problem with cotton varieties from China. 
Importers are not being honest in their 
statements” 
“The application of the biosafety 
protocol is not effective.” 
“Few people are aware of biosecurity 
arrangements, even at the jurisdictional 
level.”  
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selection, exchange) becomes more competitive (Louwaars and Boef, 
2012). The idea is not to substitute informal mechanisms by formal ones, 
but to achieve an integrated approach in which producers have access to 
new varieties produced by research and can subsequently reproduce 
them. In this case, there would be more producers who practice “pur-
chase + breeding,” rather than “exchange” or “mass breeding” alone. 

a Harmonizing knowledge of actors on the existence and characteris-
tics of new varieties 

Since the 1990s, which saw structural reforms in the public sectors, 
the Malagasy government has gradually disengaged from some of its 
core functions, such as, assisting producers to adopt innovations. This is 
now the prerogative of NGOs and development projects and programs. 
However, the limited duration of projects and the fact that they target 
only few producers (leading producers) do not always favour the full 
circulation of information. Interviews revealed that the problem in 
Madagascar is not so much acquiring a new variety but promoting and 
using existing varieties. “The country has a gene bank of nearly 6000 

Fig. 1. Acceptability conditions evoked by stakeholders. 
Source: Authors; based on interviews and forum data 

Fig. 2. Seed acquisition by producers. 
Source: Authors; based on survey data. 
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rice varieties, of which only 600 to 800 are cultivated” (statement of a 
rice breeder during the forum). Farmers need information to reduce the 
asymmetry of information between research and production (Janvry 
et al., 2015). 

Regarding a new genetically modified rice variety, all stakeholders 
were unanimous on the need to improve their knowledge of the variety’s 
characteristics and breeding techniques, to be able to assess the intensity 
of risks and hazards. In surveys of producers, 97% of the respondents 
have admitted to not knowing the characteristics of a GMO. This result is 
similar to that of Radanielina et al. (2017). 

“The population must be informed of the advantages, but also of the 
possible disadvantages and risks so that they can make a choice in any 
case,” said one rice breeder. Among the priority information requested 
by producers, which pre-determines acceptability criteria with regard to 
their needs, the following were mentioned during the forum: the effect 
of the variety on soil fertility, production per hectare, seed price, 
germination rate, crop cycle, resistance to insects and diseases, ease of 
threshing, and taste. These criteria distinguish two sets of variables. The 
first set relates to the characteristics of new varieties in terms of 
technico-economic results (yield, soil fertility, diseases) under risk- 
averse farming conditions linked to farmers in precarious situations. 
The second set relates to the access conditions to seeds that are likely to 
allow the use of this variety. The performance of intermediation struc-
tures is questioned.  

a Producing quality basic seeds in sufficient quantities 

In Madagascar, the FOFIFA (National center for Agronomic 
Research) is the structure in charge of varietal selection, maintenance of 
the varieties obtained, and production of pre-basic and basic seeds of 
these varieties (Ministry of Agriculture, 2016). Basic seed production 
can be delegated to multipliers but is always under FOFIFA’s supervi-
sion. Interviews with three POs and with three of the eight NGOs in our 
sample revealed that, because of the lack of financial means, FOFIFA 
cannot produce large quantities of basic seeds, which limits the certified 
seed production capacities of seed producers. According to the Official 
Controle Service (SOC3), the production of certified seeds is very low 
and would fulfill approximately 10% of the producers’ needs. In addi-
tion, not all FOFIFA stations deployed in regions are active, which re-
duces the supply of basic seeds. PO FIFATA (Appendix 1) reported that 
some varieties are highly appreciated by producers (FOFIFA 161 for 
example) but unavailable on the markets and at FOFIFA research sta-
tions. Stakeholders question the relevance of creating and experiment-
ing with new varieties if they will not be available to end users.  

a Operationalizing existing regulatory and information structures 

Public sector actors point out the lack of coordination in the seed 
system. One consequence is the asymmetry of information among actors. 
Regulatory bodies for the seed system and the rice sector in general are 
inoperative, and these include the National Seed Committee (CON-
ASEM) and the rice platform. The latter is presented by POs as a gath-
ering of political figures, rather than a collegial body of producers and 
real actors in the rice value chain. Another example of an inoperative or 
unknown structure is the Malagasy Association of Seed Producers 
(AMPROSEM). Seed producers from the SOA Network (one of the POs in 
the sample) which is spread across the 22 regions of the country,said 
that they had never heard of this organization. Interviews with a rice 
breeder and a maize breeder also revealed that no FOFIFA researcher is 
involved in a hybrid seed production project run by a foreign company 
in Madagascar. They could not answer for the technique used to create 
these seed varieties. Synergy between actors should be strengthened, 
and the functioning of governance bodies should be monitored.  

a Strengthening the seed certification system 

In accordance with the seed law (Law No. 94–038 on seed legislation, 
1994) (République de Madagascar 1994), commercialized seeds must be 
carefully controlled by the Official Seed and Seedling Control Service 
(SOC). SOC must conduct field and laboratory checks to ensure the 
varietal purity of seeds before they are commercialized. In addition, SOC 
must ensure that seeds sold on markets have a valid certificate issued by 
the competent authority. However, due to insufficient resources (human 
and material), field checks are irregular (Ministry of Agriculture, 2016) 
and the monitoring of seed sales operations is insufficient. These 
shortcomings contribute to the proliferation of poor-quality seeds, 
which further discredits the seed system. The PO leaders who attended 
the forum have lost confidence in the SOC’s capacity to deliver quality 
seeds to them and are calling for this organization to be strengthened. 

4.1.2. Conditions related to the application of the regulatory framework on 
biosafety 

In situations of GMO/GEO introduction, biosafety regulations are a 
critical indicator of the acceptability conditions of the technology 
(Bossle et al., 2016). Interviews and discussions during the forum be-
tween the public sector and research revealed that the biosafety aspect 
remains fragile in Madagascar for various reasons. The first reason is the 
two conflicting documents carried by two member organizations of the 
biosafety protocol. One of the documents is the biosafety law project 
promoted by the Ministry for the Environment, which authorizes the 
introduction of GMOs subject to the results of an environmental impact 
study, which would determine that the organism poses only a minor risk 
to society. The other is Law No. 2011–002, regarding the Health Code 
(Article 48) of the Ministry of Health, which stipulates that “food 
products of plant origin, having been cultivated under the specific mode 
of GMOs, are subject to a declaration classifying them as dangerous for 
human consumption. Their sale as food is prohibited throughout the 
National Territory.” This divergence of opinion between two biosafety 
member entities creates uncertainty as to the position to adopt and 
makes it difficult for the law project to be validated by the two con-
stituent chambers of parliament. 

The second reason for the fragility of biosafety regulations is the poor 
equipment of GMO detection laboratories in Madagascar. Interviews 
revealed that GMO cotton and maize have already been introduced into 
the country under false declarations by importers regarding the method 
used to obtain the variety. Due to the high susceptibility of these vari-
eties to insect attacks, the public services decided to have a few samples 
analyzed in France because there was no on-site analysis equipment. 
Two years later, the authorities knew that these were GMO varieties. The 
scandal linked to this “illegal” introduction generated public skepticism 
toward these technologies and tended to amplify the perceived risks 
(Cui and Shoemaker, 2018). 

The third reason is the failure to designate/appoint by the state those 
responsible for various components of the biosafety body. Only the focal 
point is known. There must be a clear allocation of responsibilities for 
risk assessment, information, public awareness and participation, 
monitoring, and management of identified risks. 

4.1.3. Conditions related to the possible effects of the variety on the 
environment  

a Providing information on biodiversity risks 

In situations where GMOs or GEOs are introduced, safeguarding 
biodiversity is a topic at the center of the debate (Carpenter, 2011; High 
Council for Biotechnology, 2013).The risk of transgenes being moved 
beyond their intended destination is real, leading to contamination of 
non-GMOs farms, and thus to a reduction in cultivated biodiversity 
(Altieri, 2005). In Madagascar, the problem of coexistence is relevant for 
two reasons. 3 SOC (Service Officiel de Contrôle) in French 
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The first reason is the varietal richness of rice farms, namely, the 
number of rice varieties produced on a single farm. The producer survey 
revealed that this richness is on average two varieties per producer, a 
result similar to that found by Radanielina (2010) in the same region. 
Malagasy producers use on average two rice varieties at a time, 
regardless of farm size (Fig. 3). This is a strategy for managing risks (e.g., 
diseases, low yields), that could arise from the use of a single variety and 
would lead to a shortage of rice in the household. 

The second reason is the low risk aversion of producers. Although 
producers do not know the characteristics of a GMO, when asked “would 
you want to use a GMO rice variety?” 63.5% of producers answered 
“yes,” compared with 24.3% who said “no” and 12.2% who “do not 
know.” Because rice production is of paramount importance in 
Madagascar, producers are always willing to try any measures to 
improve their yields. Because of this flexibility in adopting rice in-
novations and the usual mix of varieties, researchers, NGOs, and public 
sector actors are questioning the effects of the new variety on biodi-
versity. Although some of the researchers interviewed claimed that 
cross-breeding between varieties is weak due to the self-fertilization of 
rice, for others, this risk can not be completely ruled out.  

a Providing information on risks on soil nitrogen dynamics 

The objective of using CRISPR-CaS9 for this case study was to 
improve the nitrogen use efficiency of a upland rice variety.4 One of the 
concerns of the stakeholders, especially those from research and public 
sectors, is the amount of nitrogen available for other crops (maize, po-
tato) after the production of this variety. In response to this concern, 
some researchers said that regardless of the variety of rice (GMO or not), 
producers would have to make additional amendments to compensate 
for soil infertility in the long term. These amendments can be added by 
using organic or chemical fertilizers or by fallowing the land. A second 
concern relates to the relevance of the approach considered in relation to 
other possibilities for improving a plant’s use of nitrogen. Has the range 
of possibilities been reviewed? Thus, it is necessary to determine the real 
interest, in terms of the yield surplus of this variety compared with other 
possible techniques, before deciding in favor of its acceptance. 

4.2. Socioeconomic determinants at the producer level 

The analysis of the socioeconomic characteristics of producers 
revealed two factors that hinder the adoption of agricultural 
innovations. 

4.2.1. Low membership of POs 
In the context of the failure of innovation intermediation services, 

POs are structures linking research and individual producers. Interviews 
confirmed that development projects and programs target producers 
grouped in POs as a priority to reduce their operating costs. However, 
our survey sample revealed that only 2% of producers are members of a 
PO. The remainder are members of religious associations (9%), village 
funds (7%), and family associations (2%), and the vast majority of 
farmers are not members of any form of formal association (80%). These 
results show the structural weakness of farmers’ organizations in 
Madagascar compared with similar economies in West and Central Af-
rica (Hussein, 2001; Fongang, 2012). Studies have demonstrated that 
the membership rate of Malagasy people in associations is the lowest in 
Africa (Razafindrakoto et al., 2017). This finding raises the question of 
access to information by producers when extension services are un-
available, and the farmers’ movement does not encourage producers to 
join. 

4.2.2. Poor access to credit to finance agricultural innovation 
Of the 148 producers surveyed, 75.7% said they do not have access to 

credit for various reasons: insufficient collateral, high interest rates, 
insufficient income, fear of not being able to repay. In a context where 
the average annual income of a Malagasy producer is $300 (Mbima, 
2017), and the vast majority have no access to credit, it is unlikely that 
farmers will be able to invest in the purchase of genetically modified 
seeds. Indeed, one of the economic arguments often put forward to 
justify the use of GMOs is that, even if the producer has to pay more for 
Bt seed, for example, he/she can expect a financial gain from the 
reduction of chemical treatments and the maintenance of his/her yield 
(Haut Conseil des Biotechnologies, 2013). However, this is only possible 
if the production is intended for sale. For Malagasy farmers using few 
inputs because they have no credit, the savings in pesticide costs will be 
insignificant. Moreover, because rice production is mainly for con-
sumption, the use of this variety could be reduced to large farms instead 
of targeting the majority of producers. 

5. Discussion: prerequisites to acceptance of technical 
innovations 

The objective of using CRISPR-CaS9 for the creation of eco- 
innovative varieties is a response to the needs of Malagasy producers 
who have few means to manage soil fertility (Ravonjiarison et al., 2018). 
However, in doing so, organizational innovation is a necessary condition 
for the introduction of technical innovations (Armbruster et al., 2008). 
Structural mechanisms for regulating the seed system must first be 
operational before envisaging a variety of experiments. These mecha-
nisms presuppose the elaboration and effective implementation of 
biosafety regulations. Each country should establish and test regulatory 
standards before experimenting GEOs (Araki and Ishii, 2015). We 
confirm hypothesis 1, according to which the national framework for 
risk regulation is not yet operational. In countries with weak institu-
tional frameworks, this requires better involvement of civil society in the 
bodies assessing the risks that could arise from these technologies. If 
some researchers consider that it is a question of encouraging immo-
bility to the detriment of innovation (Regnault-Roger, 2020; Hobbs 
et al., 2014; Smyth et al., 2013) and that civil society actors are irra-
tional (Pollock, 2016), others on the contrary have shown that the 
involvement of civil society can lead to the democratization of science 
and technology. Indeed, in a study conducted in Kenya, Harsh (2008) 
revealed that civil society involvement through NGOs, promotes the 
establishment of stakeholder linkages, and the co-production of scien-
tific knowledge. These NGOs have participated in the development of 
the biosafety system, and co-ordinate some biotechnology projects such 
as virus resistant sweet potato and banana tissue culture. 

Moreover, knowledge and information sharing among all stake-
holders is necessary for a full understanding of innovation and its 
challenges (Kamaşak and Bulutlar, 2010). The ability to innovate and 
the receptivity to innovation depend on individual and collective 
cognitive capacities (Bossle et al., 2016). This confirms hypothesis 2, 
according to which the harmonization of knowledge between categories 
of actors is necessary. The relations of local economic actors (producers) 
with research centers and public support services make it possible to 
stimulate the production and dissemination of knowledge necessary for 
innovation (Forest, 2009; Hammelman et al., 2020). The institutionali-
zation of new technologies (Vargo et al., 2015) requires (re)establishing 
coordination and collective organization between actors. To this end, we 
reaffirm the role of the State in innovation processes. The State should 
provide a basis for the development of innovation (Patanakul and Pinto, 
2014) by creating and/or redeveloping infrastructures (Dabat and 
Jenn-Treyer, 2010), ensuring the functioning of regulatory organiza-
tions and innovation platforms, and creating incentives for innovation 
(Govindaraju et al., 2013) such as short-term subsidies for inputs. For 
Weber, it is a question of strengthening the bureaucratic machinery, 
which if insufficiently developed, may hinder the short-term and 

4 Projet Generation & Deployment of Genome-Edited, Nitrogen-use-Efficient 
Rice Varieties (Fondation Agropolis) https://umr-agap.cirad.fr/recherche/proje 
ts-de-recherche/generice 
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long-term effectiveness of any administrative body (Rueschemeyer and 
Evans, 1985). 

Nevertheless, despite the difficulties experienced by the seed system 
and the vulnerability of producers (poor access to credit, low member-
ship of POs, and weak relations with support services), the results show 
that the latter are willing to adopt a GMO variety. Our results correspond 
to those of Gatica-Arias et al. (2019), who showed that in Costa Rica, 
although only 3.7% of the survey population had heard of the 
CRISPR-CaS9 technique, 70.8% would be willing to consume CRISPR 
foods if they have good nutritional quality, 61%, if they are cheaper, and 
59.4%, if they are available on the national market. We therefore reject 
hypothesis 3, according to which the high vulnerability of producers 
negatively affects their relationship to technical innovation. In this case, 
what matters more is the mathematical expectation of the gain (increase 
in yield), rather than the standard deviation (variability of the gain) over 
several campaigns due to the hazards or vulnerability factors. This 
brings us back to the notion of opportunity cost. For the surveyed pro-
ducers accustomed to using more than two varieties at a time, the ge-
netic potential outweighs the opportunity cost in terms of risk. 

Some researchs agreed that biotechnological innovations are the 
keystone of development (Kikulwe et al., 2011; Spielman and Kennedy, 
2016) and that developing countries should engage in this process if 
they wish to be developed (Hall, 2005). These innovations are consid-
ered by some authors as mechanisms for strengthening the bioeconomy 
on an industrial scale (Vivien et al., 2019). Although firms and societies 
need to innovate to survive, there are prerequisites for innovation to be 
considered innovation rather than invention; the latter is not subject to 
any economic valorization. The so-called technological innovations are 
in fact socio-technical innovations because they must take into account 
the innovative capacities of organizations, the links between them and 
the means of institutions to evolve (Joly et al., 2010). 

6. Conclusion 

Our objective was to test the societal acceptability conditions of 
genome editing in Madagascar, and several notable results were ob-
tained. First, these results highlight an institutional weakness in the 
biosafety regulatory frameworks that must be strengthened before 
considering genome editing experimentation. This implies creating the 
structures and institutions that make it possible to reduce the occurrence 
of these risks and to assign responsibilities in the event of their occur-
rence. Second, the seed system’s shortcomings in coordinating and 
aligning expressed societal needs should be corrected. Third, the 
experimental assessment of the effects of GEO on cultivated biodiversity 
(farm plot, ecosystem) and soil nitrogen dynamics remains an issue due 
to the controversies already raised by GMOs. The comparison of the 
nitrogen efficiency gains of GEOs with respect to other fertility man-
agement techniques must be carried out. Indeed, apart from genome 
modification, fertility management practices can also improve NUE in 
rice production. These practices include liming acid soils, crop rotation, 
use of cover crops, conservation tillage system and improving water use 
efficiency in transporting nutrients in the rhizosphere (Fageria et al., 
2014). Since some of these practices such as crop rotation and conser-
vation tillage are already implemented in Madagascar (Razafimahatra-
tra et al., 2019), they should be compared to the promises of genome 
editing, in terms of yield obtained and costs incurred (capital, labor). 
This implies that a collective experimentation be conducted with 
research and producers, in order to produce scientific-based results. The 
characterization of the conditions for testing these new techniques on 
rice in Madagascar shows that the promise of eco-innovation related to 
these technologies is not yet validated. Therefore, it must not put 
farmers in precarious situations at risk. Fourth and lastly, the low level 
of mobilization of farmers in POs raises questions of the societal repre-
sentativeness of these organizations in the interinstitutional processes of 
the GEO evaluations in Madagascar. 

Fig. 3. Number of rice varieties produced according to the cultivated area. 
Source: Authors; based on survey data. 
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The study shows how a participatory research approach helps reveal 
the societal preferences and expectations of various stakeholder com-
munities. Collective learning processes mobilizing the experience of 
stakeholders are necessary to transform scientific knowledge into so-
cially shared mechanisms of experimentation. Results presented are a 
first attempt to highlight Madagascar’s capacity to protect itself from the 
risks associated with GEOs. It should be noted that consumers were not 
included in this study. Although the producers and stakeholders inter-
viewed are also rice consumers, further research could focus on a 
broader survey of consumers’ perceptions of these technologies. 
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Appendix 1. List of organizations interviewed  

Types of organizations Name of organization Number of persons interviewed 

Funding agencies EU 1 
AFD 1 
FAO 1 

NGO/Civil society AFDI 1 
Agrisud 1 
AIM 1 
GRET 1 
GSDM 1 
Interaide 1 
Ceffel 1 
WWF 1 

Seed production companies SeedLan 1 
SdMad 1 
Castells 1 

Public sector Ministry of Agriculture - SOC (Official Control Service) 1 
Ministry of Agriculture - Plant Protection Branch 1 

1 
Ministry of Agriculture - Directorate of Rice Production 1 
Ministry of Agriculture - Climate Change Service 1 
Ministry of Agriculture - Rice Observatory 1 
ONE (National Environment Office) 1 
Biosafety Focal Point 1 

Projects/Programs BVLAC 1 
AROPA 1 
PAPRIZ 1 

Research institutes and universities FOFIFA 4 
Africa Rice 1 
LRI 1 
CNRE (National Environmental Research center) 1 
FIFAMANOR 1 
Tana University 2 

OPs FIFATA 1 
VFTV 1 
SOA Network 1  
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